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Description 

1 . FIELD OF THE INVENTION: 

s [0001] The present invention relates to a semiconductor light-emitting device such as, for example, a semiconductor 
laser or a light emitting diode, and a method for fabricating the same. Alternatively, the present invention relates to a 
semiconductor laser usable as a light source in the fields of, for example, optical disks, laser beam printers and optical 
transmission, and especially relates to a semiconductor laser having an active layer of a multiple quantum well structure. 

10 2. DESCRIPTION OF THE RELATED ART: 

[0002] As a conventional semiconductor laser, a quantum well type laser, including a quantum well layer as an active 
layer acting as a light emitting section, is known in the art. The quantum well type laser has various advantages including 
a lower operating current and improved noise characteristic. The quantum well type laser can have a separate con- 
15 f inement heterostructure (hereinafter, referred to as the "SCH structure") for enhancing light confinement into the active 
layer. 

[0003] In general, the forbidden band width a compound semiconductor layer and the refractive index thereof are in 
reverse proportion to each other. On the other hand, the Al mole fraction of a compound semiconductor layer containing 
Al and the forbidden band width thereof are typically in proportion to each other. Accordingly, the band diagram of the 
20 active layer and the vicinity thereof of a quantum well type laser having the SCH structure is, for example, as shown 
in Figure 23. 

[0004] A semiconductor laser having the band diagram shown in Figure 23 includes a multiple quantum well (here- 
inafter, referred to as "MOW") active layer 1501 which includes a plurality of quantum wells 1510 and a plurality of 
barrier layers 1511, and also includes a first optical guide layer 1502 and a second optical guide layer 1503 which 

25 interpose the active layer 1501 therebetween. Each of the first optical guide layer 1502 and the second optical guide 
layer 1503 has a larger forbidden band width than that of the quantum well layers 1510. The semiconductor laser 
further includes an n-type first cladding layer 1504 and a p-type second cladding layer 1505 which interpose the first 
and second optical guide layer 1502 and 1503 therebetween. Each of the n-type first cladding layer 1504 and the p- 
type second cladding layer 1505 have a larger forbidden band width than that of the first and second optical guide 

30 layers 1502 and 1503. In the semiconductor laser having such a structure, carrier confinement is established by the 
quantum well layers 1510, while light confinement is established by the first optical guide layer 1502 and the second 
optical guide layer 1503. 

[0005] Such a semiconductor laser having the SCH structure is disclosed in, for example, Japanese Patent Publi- 
cation for Opposition No. 4-67354 and Japanese Laid-Open Patent Publication No. 6-252508. The semiconductor 
35 laser disclosed in Japanese Patent Publication for Opposition No. 4-67354 contains impurities in the entire optical 
guide layers, while the semiconductor laser disclosed in Japanese Laid-Open Patent Publication No. 6-252508 contains 
no impurities in the optical guide layers. 

[0006] The semiconductor laser disclosed in Japanese Patent Publication for Opposition No. 4-67354 includes an 
MQW active layer including a plurality of quantum well layers each having a thickness of no greater than the de Brogli 

40 wavelength of electrons, Le., a thickness of about 20 nm or less. Referring to Figure 24, such a semiconductor laser 
1700 includes an n-type GaAs buffer layer 1702, an n-type AIGaAs cladding layer 1703, an n-type AIGaAs guide layer 
1704, an MQW active layer 1705, a p-type AIGaAs guide layer 1706, a p-type AIGaAs cladding layer 1707, and a p- 
type GaAs cap layer 1708, which are formed on an n-type GaAs substrate 1701 in the above order. 
[0007] Figure 25 is an energy band diagram of the MQW active layer 1705 and the vicinity thereof. As shown in 

45 Figure 25, the MQW active layer 1705 includes a plurality of GaAs quantum well layers 1710 and a plurality of AIGaAs 
quantum barrier layers 1711 each interposed between two adjacent quantum well layers 1710. In the example shown 
in Figure 25, the MQW active layer 1705 includes three GaAs quantum well layers 1710 and two AIGaAs quantum 
barrier layers 1711 provided alternately. 

[0008] The forbidden band width of each of the n-type AIGaAs guide layer 1704 and the p-type AIGaAs guide layer 
50 1706 is set to be equal to the forbidden band width of the quantum barrier layers 1711 . By setting the forbidden band 
widths of the AIGaAs guide layers 1704 and 1706 and the quantum barrier layers 1711 at the same value, the quantum 
well layers 1710 are all interposed between two semiconductor layers having the same width forbidden band width. 
Thus, the dispersion of the quantization level is reduced among the quantum well layers 171 0, which leads to a narrower 
light emitting spectrum. Accordingly, the threshold current is lowered. 
55 [0009] Recently, a further reduction in the threshold current of semiconductor lasers has been demanded. In order 
to further reduce the threshold current in the semiconductor laser 1700, the light confinement ratio into the quantum 
well layers 1710 of the MQW active layer 1705 is required to be raised. In the SCH structure, the light confinement 
ratio can be raised to reduce the threshold current by increasing the thickness of the optical guide layers 1704 and 
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1706. Accordingly, it is desirable to increase the thickness of the optical guide layers in order to reduce the threshold 
current. 

[0010] However, thicker optical guide layers cause the following problems. 

[0011] In general, a dopant concentration of the optical guide layer is set to be significantly lower than that of the 
s cladding layer (alternatively, no doping is performed into the optical guide layer) in order to suppress the dopant diffusion 
from the optical guide layer to the MQW active layer. Accordingly, thicker optical guide layers increase the resistance 
of the semiconductor laser in the optical guide layer, resulting in an increased operating voltage. As can be appreciated, 
the thicker optical guide layer according to the conventional technology causes the device characteristics to be dete- 
riorated due to an increased operating voltage, while a reduced threshold current can be realized thereby. 
10 [0012] In the semiconductor laser 1700, the forbidden band width of the optical guide layers 1704 and 1706 is set 
to be equal to the forbidden band width of the quantum barrier layers 1711 . Such setting corresponds to setting the Al 
mole fraction of the optical guide layers 1 704 and 1 706 to substantially as high as the Al mole fraction of the quantum 
barrier layer 1711. Accordingly, the dopant in the cladding layers 1703 and 1707 may be diffused to the MQW active 
layer 1705, whereby the Al mole fraction of the quantum well layers 1710 is likely to change. As a result, the oscillating 
75 wavelength is shifted from the designed value, resulting in difficulty in controlling the oscillating wavelength. 

[0013] In the case of the semiconductor laser disclosed in Japanese Laid-Open Patent Publication No. 6-252508 
which does not contain impurities in the optical guide layer, the thicker optical guide layer causes an increased resist- 
ance thereof. In addition, there occurs a potential barrier between the cladding layer and the optical guide layer, thereby 
raising the operating voltage. 

20 [0014] In the case of the semiconductor laser 1700 disclosed in Japanese Patent Publication for Opposition No. 
4-67354 containing impurities in the optical guide layers 1704 and 1706, the impurities are diffused from the optical 
guide layers 1704 and 1706 to the MQW active layer 1705 during activation of the semiconductor laser 1700. Accord- 
ingly, a non-emission recombination center is formed in the MQW active layer 1705, resulting in an inner absorption 
loss. Thus, characteristics of the semiconductor laser 1700 are deteriorated. 

25 [001 5] Moreover, the details of influences on the laser characteristics caused by impurity injection into semiconductor 
layers, such as optical guide layers, which are adjacent to the active layer have not received much study. 
[0016] The above-described problems are also applied to semiconductor lasers other than those of the quantum 
well type, and also to light emitting diodes including cladding layers interposing an active layer. 

30 SUMMARY OF THE INVENTION 

[0017] A light-emitting device of the present invention includes: a first guide layer; a second guide layer, and an 
active layer interposed between the first guide layer and the second guide layer. The active layer having a multiple 
quantum well structure including a plurality of quantum well layers and a quantum barrier layer interposed between 
35 the adjacent quantum well layers. The first guide layer and the second guide layer are disposed to be adjacent to the 
quantum well layers. The first guide layer and the second guide layer have a forbidden band width which is larger than 
a forbidden band width of the quantum well layers. The forbidden band width of at least one of the first guide layer and 
the second guide layer is smaller than a forbidden band width of the quantum barrier layer. 

[0018] In one embodiment, the device further includes: a first cladding layer having a first conductivity type and a 
40 second cladding layer having a second conductivity type, the first cladding layer and the second cladding layer inter- 
posing the first guide layer and the second guide layer; and a saturable absorption layer provided between the first 
cladding layer and the second cladding layer, the saturable absorption layer having a light emitting energy of a level 
substantially equal to an energy of a laser oscillation light of the active layer. 

[0019] In another embodiment, the device further includes: a first cladding layer having a first conductivity type and 
45 a second cladding layer having a second conductivity type, the first cladding layer and the second cladding layer 
interposing the first guide layer and the second guide layer; a third cladding layer having the second conductivity type 
and provided outside the second cladding layer, the third cladding layer being disposed on the opposite side to the 
first cladding layer with respect to the second cladding layer; and a saturable absorption layer provided between the 
first cladding layer and the third cladding layer, the saturable absorption layer having a light emitting energy of a level 
50 substantially equal to an energy of a laser oscillation light of the active layer. 

[0020] In still another embodiment, the device further includes: a first cladding layer having a first conductivity type 
and a second cladding layer having a second conductivity type, the first cladding layer and the second cladding layer 
interposing the first guide layer and the second guide layer; and a striped third cladding layer having the second con- 
ductivity type and provided outside the second cladding layer, the striped third cladding layer being disposed on the 
S5 opposite side to the first cladding layer with respect to the second cladding layer, wherein a difference An between a 
refractive index n a of light confined in a first portion of the active layer which is covered by the striped third cladding 
layer and a refractive index n b of light confined in a second portion of the active layer which is not covered by the 
striped third cladding layer fulfills expression 
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(I^XIO'^An^XIO" 3 (1). 

[0021] The second cladding layer having the second conductivity type may be a p-type cladding layer, the second 
5 guide layer may be disposed on the same side as the p-type cladding layer with respect to the active layer, and the 
forbidden band width of the second guide layer may be smaller than the forbidden band width of the quantum barrier 
layer. 

[0022] The smaller one of the forbidden band width of the first guide layer and that of the second guide layer may 
be larger than a forbidden band width value corresponding to an energy of a laser oscillation light of the active layer 
10 [0023] Eg, Eb and EX may fulfill expression (2) where Eg is the smaller one of the forbidden band width of the first 
guide layer and that of the second guide layer, Eb is the forbidden band width of the quantum barrier layer, and EX is 
the forbidden band width value corresponding to the energy of the laser oscillation light energy of the active layer: 



15 



EX + 100 meV £ Eg £ Eb - 50 meV (2). 



[0024] Another light-emitting device of the present invention includes a layered structure including at least an active 
layer, wherein at least one selected layer in the layered structure includes an impurity-scarce region and an impurity- 
doped region, and the impurity-scarce region is disposed closer to the active layer than the impurity-doped region. 
20 [0025] In one embodiment, the layered structure includes a pair of cladding layers interposing the active layer, and 
the at least one selected layer is at least one of the pair of cladding layers. 

[0026] In another embodiment, the layered structure includes a pair of optical guide layers interposing the active 
layer, and the at least one selected layer is at least one of the pair of optical guide layers. 

[0027] In still another embodiment, the layered structure includes an optical guide layer disposed on either side of 
25 the active layer, and the at least one selected layer is the optical guide layer. 

[0028] The device may further include an intermediate impurity concentration region between the impurity-scarce 

region and the impurity-doped region. 

[0029] The active layer may include a quantum well layer. 

[0030] In one embodiment, the at least one selected layer is an optical guide layer, and the impurity-doped region 
30 may contain a p-type impurity at a carrier concentration of 4 X 10 17 cm' 3 or more and 1 .2 X 1 0 1 8 cm 3 or less. 

[0031] In another embodiment, the at least one selected layer is an optical guide layer, and the impurity-doped region 
contains an n-type impurity at a carrier concentration of 2 X 10 17 cnrr 3 or more and 1 X 10 18 cnrr 3 or less. 
[0032] An impurity concentration of the impurity-scarce region may be 1/5 or less of an impurity concentration of the 
impurity-doped region. 

35 [0033] The impurity-scarce region may have a thickness of 3 nm or more and 10 nm or less. 

[0034] The impurity-scarce region may be provided in at least one of a p-type cladding layer and a p-type optical 
guide layer. 

[0035] In one embodiment, the layered structure includes a p-type cladding layer and an n-type cladding layer inter- 
posing the active layer, the impurity-scarce region is provided in each of the p-type cladding layer and the n-type 
40 cladding layer, and the impurity-scarce region in the p-type cladding layer is thicker than the impurity-scarce region in 
the n-type cladding layer. 

[0036] In another embodiment, the layered structure includes a p-type optical guide layer and an n-type optical guide 
layer interposing the active layer, the impurity-scarce region is provided in each of the p-type optical guide layer and 
the n-type optical guide layer, and the impurity-scarce region in the p-type optical guide layer is thicker than the impurity- 

45 scarce region in the n-type optical guide layer. 

[0037] The intermediate impurity concentration region may have a thickness of 3 nm or more and 1 0 nm or less. 
[0038] In one embodiment, the active layer has a multiple quantum well structure including a plurality of quantum 
well layers and a barrier layer interposed by the adjacent quantum well layers, and a forbidden band width of at least 
the impurity-doped region of the at least one selected layer is smaller than a forbidden band width of the barrier layer 

50 and larger than a forbidden band width of the quantum well layers. 

[0039] The forbidden band width of the impurity-doped region may be smaller than the forbidden band width of the 
impurity-scarce region. 

[0040] The at least one selected layer may be formed of a material selected from the group consisting of AIGaAs 
type materials, AIGalnP type materials and InGaN type materials. 
55 [0041 ] Another aspect of the present invention provides a method for fabricating a light-emitting device which includes 
a layered structure including at least an active layer, wherein at least one selected layer in the layered structure includes 
an impurity-scarce region, an impurity-doped region, and an intermediate impurity concentration region disposed be- 
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tween the impurity-scarce region and the impurity-doped region, the impurity-scarce region being disposed closer to 
the active layer than the impurity-doped region. The method includes the steps of: growing an impurity-doped layer 
and a non-impurity-doped layer; and diffusing an impurity from the impurity-doped layer to the non-impurity-doped 
layer by thermal hysteresis during crystal growth, thereby forming the intermediate impurity concentration region. 
5 [0042] In one embodiment, the layered structure is formed so as to include a p-type cladding layer and an n-type 
cladding layer interposing the active layer, the impurity-scarce region is provided in each of the p-type cladding layer 
and the n-type cladding layer, and the impurity-scarce region in the p-type cladding layer is formed to be thicker than 
the impurity-scarce region in the n-type cladding layer. 

[0043] In another embodiment, the layered structure is formed to include a p-type optical guide layer and an n-type 
10 optical guide layer interposing the active layer, the impurity-scarce region is provided in each of the p-type optical guide 
layer and the n-type optical guide layer, and the impurity-scarce region in the p-type optical guide layer is formed to 
be thicker than the impurity-scarce region in the n-type optical guide layer. 

[0044] In the above-described structure, setting the forbidden band width of the guide layers to be smaller than the 
forbidden band width of the quantum barrier layer corresponds to setting the refractive index of the guide layers to be 

is larger than the refractive index of the quantum barrier layer. Accordingly, the above setting provides an enhanced light 
confinement ratio in the quantum well layers in the multiple quantum well (or MQW) active layer, thereby reducing the 
threshold current. Furthermore, it is not necessary to increase the thickness of the guide layers as is necessary in the 
conventional examples for the purpose of reducing the threshold current, and thus the operating voltage is prevented 
from being increased which would otherwise be caused by the increased device resistance in the conventional art. 

20 [0045] In the case where the semiconductor device is formed of, for example, Al-type semiconductor materials, 
setting the forbidden band width of the guide layers to be smaller than the forbidden band width of the quantum barrier 
layer corresponds to setting the Al mole fraction of the guide layers to be lower than the Al mole fraction of the quantum 
barrier layer. Accordingly, dopant diffusion from the cladding layers to the guide layers is suppressed by the above 
setting. Since the dopant diffusion to the MQW active layer is also suppressed, the Al mole fraction of the quantum 

25 well layers in the MQW active layer is restricted from changing, thereby preventing the oscillation wavelength from 
shifting. 

[0046] Controlling the forbidden band width of the guide layers corresponds to controlling the refractive index thereof. 
Accordingly, the vertical radiation angle is allowed to be adjusted by appropriately setting the refractive indices of the 
two guide layers. 

30 [0047] When the Al mole fraction of the guide layers is set to be lower than the Al mole fraction of the quantum barrier 
layer, the number of the non-emission recombination levels in the guide layers is reduced. Accordingly, non-emission 
recombination is restricted with respect to carriers leaking to the guide layers from the quantum well layers. Thus, the 
carriers are used effectively for light emission so as to reduce the threshold current. 

[0048] In the case where a saturable absorption layer with a forbidden band width having a light emitting energy 

35 level which is substantially equal to an energy level of the laser oscillation light of the MQW active layer is provided 
between two cladding layer, for example, between the first and second cladding layers or between the first and third 
cladding layers, self-sustaining pulsation occurs; i.e., laser light oscillates in the form of pulses. In the self-sustaining 
pulsation condition, the longitudinal lasing mode becomes a multiple mode, and thus the spectral line width of each of 
the longitudinal modes is enlarged. Therefore, coherency of the laser is reduced and is not influenced by the returning 

40 light, resulting in reduced noise. 

[0049] In the structure having the saturable absorption layer, dopant diffusion from the cladding layer provided be- 
tween the MQW active layer and the saturable absorption layer is suppressed by the saturable absorption layer. In 
consequence, it is considered that dopant diffusion to the MQW active layer may undesirably increase. However, since 
the Al mole fraction of the guide layers is set to be smaller than the Al mole fraction of the quantum barrier layer, the 

45 dopant diffusion from the cladding layers to the guide layers is suppressed. Accordingly, the dopant diffusion to the 
MQW active layer is suppressed. Thus, the Al mole fraction of the quantum well layers of the MQW active layer is 
prevented from changing and, consequently, the oscillation wavelength is prevented from shifting. 
[0050] In the case where the striped third cladding layer is provided and the refractive index difference An is set 
within the range of expression (1), the amount of saturable absorption increases in a portion of the active layer which 

50 is not covered by the striped third cladding layer. Thus, self-sustaining pulsatbn occurs while the light is confined in a 
portion of the active layer which is covered by the striped third cladding layer. In consequence, there exists less influence 
due to wave fronts caused by the saturable absorption effect in the portion of the active layer which is not covered by 
the striped third cladding layer. Therefore, a beam spot of the emitted light is less shifted in a horizontal direction, 
thereby reducing the astigmatic difference and improving the optical characteristics of the semiconductor laser. 

55 [0051] The degree of dopant diffusion depends on constituting materials of the cladding layers. For example, in the 
case of AIGalnP-type cladding layers, the dopant in a p-type cladding layer is more likely to diffuse as compared to 
the case of AIGaAs-type cladding layers. According to the present invention, even in such a case, the wavelength is 
prevented from shifting more effectively by setting the forbidden band width of the second guide layer, provided on the 
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side of the p-type cladding layer, to be smaller than that of the quantum barrier layers so as to restrict the dopant 
diffusion to the active layer. 

[0052] In the case where the forbidden band width of either one of the two guide layers which is smaller is set to be 
larger than a forbidden band width level corresponding to the laser oscillation light energy of the active layer, the 
5 threshold current is reduced more effectively. 

[0053] Especially in the case where the smaller forbidden band width Eg of the two guide layers is set to fulfill ex- 
pression (2), the threshold current is reduced more effectively. 

[0054] Moreover, according to the present invention, at least one of the cladding layers interposing the active layer 
may include an impurity-scarce region and an impurity-doped region. The impurity-scarce region, having a lower im- 

io purity concentration than that of the impurity-doped region, is disposed closer to the active layer. Accordingly, impurity 
diffusion from the impurity-doped region to the active layer during the operation is blocked at the impurity-scarce region. 
[0055] Alternatively, in the case where at least one of the optical guide layers interposing the active layer includes 
an impurity-doped region, the resistance of the entire optical guide layers is lowered. Furthermore, the diffusion potential 
between the optical guide layer and the cladding layer is lowered, and thus, the operating voltage is reduced. In addition, 

15 since the impurity-scarce region, having a lower impurity concentration than that of the impurity-doped region, is dis- 
posed closer to the active layer, impurity diffusion from the impurity-doped region to the active layer during the operation 
is blocked at the impurity-scarce region. Thus, the reliability of the device is improved. 

[0056] In the case where the optical guide layer provided on one side of the active layer includes an impurity-doped 
region, the resistance of the entire optical guide layers is lowered Furthermore, the diffusion potential between the 
20 optical guide layer and the cladding layers is towered, the operating voltage is reduced. In addition, since the impurity- 
scarce region, having a lower impurity concentration than that of the impurity-doped region, is disposed closer to the 
active layer, impurity diffusion from the impurity-doped region to the active layer during the operation is blocked at the 
impurity-scarce region. Thus, the reliability of the device is improved. 

[0057] In the case where the intermediate impurity concentration region having an impurity concentration which is 
25 lower than that of the impurity-doped region but higher than that of the impurity-scarce region is provided between the 
impurity-scarce region and the impurity-doped region, impurity diffusion from the impurity-doped region to the impurity- 
scarce region during the operation is blocked. Thus, the reliability of the device is further improved. 
[0058] Especially, when the active layer includes a quantum well layer, even a slight impurity diffusion is generally 
likely to cause changes in the layered structure, resulting in the deteriorated device characteristics. However, the 
30 present invention is very effective for restricting impurity diffusion to the active layer during the operation even in such 
a case. 

[0059] In the case where the impurity in the impurity-doped region of the optical guide layer is of the p-type, the 
carrier concentration of the impurities is preferably set to 4 X 10 17 cm -3 or more and 1.2 X 10 18 cm" 3 or less. In the 
case where the impurity in the impurity-doped region of the optical guide layer is of the n-type, the carrier concentration 
35 of the impurities is preferably set to 2 X 1 0 1 7 cm 3 or more and 1 X 10 18 cm -3 or less. Due to such setting, the operation 
voltage is effectively reduced, and deterioration of the device characteristics otherwise caused by non-emission re- 
combination of the carriers in the impurity-doped region is effectively suppressed. Regarding the impurity concentration 
in the impurity-doped region of the cladding layers, any concentration at which the carrier confinement into the active 
layer is realized is appropriate. 

40 [0060] The carrier concentration of the impurities in the impurity-scarce region is preferably set to 1/5 or less of that 
in the impurity-doped region in order to effectively suppress impurity diffusion to the active layer during the operation. 
[0061] The thickness of the impurity-scarce region is preferably set to be 3 nm or more and 1 0 nm or less. When the 
thickness is less than 3 nm, the impurity diffusion into the active layer during the operation occurs, which is likely 
deteriorate the device characteristics. When the thickness is more than 10 nm, carrier injection from the impurity-doped 

45 region to the active layer is inhibited by the potential barrier, which is likely to raise the operating voltage. Regarding 
the thickness of the impurity-doped region of the cladding layers, any thickness at which the carrier confinement into 
the active layer is realized is appropriate. Regarding the thickness of the impurity-doped region of the optical guide 
layer, any thickness at which the light confinement into the active layer is realized is appropriate. 
[0062] The impurity-scarce region can be provided in only a p-type cladding layer or a p-type optical guide layer, 

50 since a p-type impurity, which has a larger diffusion coefficient than an n-type impurity, is more likely to diffuse to the 
active layer and thus is more likely to deteriorate the device characteristics. In such a structure, the device designing 
is relatively easily performed since only the thickness control of the p-type impurity-scarce region is required. 
[0063] The impurity-scarce region provided in the p-type cladding layer or the p-type optical guide layer can be thicker 
than the impurity-scarce region provided in the n-type cladding layer or the n-type optical guide layer. In such a structure, 

55 the thickness of the impurity-scarce region can be controlled in accordance with the degree of diffusion of the p-type 
impurity having a larger diffusion coefficient than that of the n-type impurity. Accordingly, the device can be designed 
with higher controllability. 

[0064] The thickness of the intermediate impurity concentration region is preferably set to be 3 nm or more and 1 0 
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nm or less. A thickness within this range effectively prevents impurity diffusion from the impurity-doped region to the 
impurity-scarce region during the operation without inhibiting carrier injection from the impurity-doped region to the 
active layer. 

[0065] When the active layer includes a multiple quantum well layer, the forbidden band width of at least the impurity- 
5 doped region of the optical guide layer can be smaller than the forbidden band width of the quantum barrier layer but 
larger than the forbidden band width of the quantum well layers. In general, in a compound semiconductor material 
containing Al, the Al mole fraction is in proportion to the forbidden band width, and the Al mole fraction can be lowered 
by reducing the forbidden band width of the impurity-doped region. Thus, the impurity diffusion from the impurity-doped 
region to the active layer is further reduced. This allows a thinner impurity-scarce region, which is effective in reducing 
10 the operating voltage. 

[0066] The forbidden band width of the entire optical guide layer including the impurity-scarce region and the inter- 
mediate impurity concentration region can be smaller than the forbidden band width of the barrier layer but larger than 
the forbidden band width of the quantum well layers. When the forbidden band width of the impurity-doped region is 
smaller than the forbidden band width of the impurity-scarce region, the carrier confinement into the active layer is 
15 established by the impurity-scarce region. Accordingly, the Al mole fraction of the impurity-doped region can be further 
lowered so as to further reduce impurity diffusion from the impurity-doped region to the active layer. This albws a 
thinner impurity-scarce region, which is effective in reducing the operating voltage. 

[0067] The cladding layers and/or the optical guide layers can be formed of, for example, AIGaAs-type materials, 
AIGalnP-type materials, or InGaN-type materials. The present invention is especially effective for the AIGalnP-type 
20 materials, since impurities are more likely to diffuse in this type of materials, as compared to the AIGaAs-type materials. 
The present invention is also effective for the InGaN-type materials, which have a higher growth temperature and are 
more likely to cause impurity diffusion, as compared to the AIGalnP-type materials. 

[0068] According to the present invention, the intermediate impurity concentration region can be formed by diffusing 
impurities from the impurity-doped layer to the non-impurity-doped layer by thermal hysteresis during the crystal growth. 

25 Thus, the impurity-doped region, the intermediate impurity concentration region, and the impurity-scarce region can 
be formed through a simple fabrication process with satisfactory controllability. This thermal hysteresis temperature (i. 
e., the crystal growth temperature) is typically set, for example, at 600°C to 800°C in the case of the AIGaAs-type 
materials, 500°C to 700°C in the case of the AIGalnP-type materials, and 900°C to 1 1 00°C in the case of the InGaN- 
type materials. The intermediate impurity concentration region can be formed at a temperature tawer than the growth 

30 temperature of the active layer by about 50°C to 200°C in order to control the impurity diffusion. 

[0069] The non-impurity-doped region provided in the p-type cladding layer or the p-type optical guide layer can be 
thicker than the non-impurity-doped region provided in the n-type cladding layer or the n-type optical guide layer. In 
such a structure, the thickness of the impurity-scarce region can be controlled by controlling the thickness of the non- 
impurity-doped regions in accordance with the degree of diffusion of the p-type impurity having a larger diffusion co- 

35 efficient than that of the n-type impurity. Accordingly, the device can be designed with higher controllability. 

[0070] Thus, the invention described herein makes possible the advantages of providing: (1 ) a light-emitting device 
capable of reducing the operating voltage while maintaining satisfactory characteristics, and a method for fabricating 
the same; (2) a light-emitting device capable of reducing the threshold current without increasing the operating voltage, 
and a method for fabricating the same; and (3) a light-emitting device capable of preventing the oscillating wavelength 

40 from being shifted, and a method for fabricating the same. 

[0071] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0072] 

Figure 1 is a cross-sectional view of a semiconductor laser in a first example according to the present invention; 
Figure 2 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser shown 
50 in Figure 1; 

Figure 3 is a graph illustrating the relationship between the forbidden band width of the guide layers and the 
threshold current of the semiconductor laser shown in Figure 1; 

Figure 4 is a cross-sectional view of a semiconductor laser in a second example according to the present invention; 
Figure 5 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser shown 
55 in Figure 4; 

Figure 6 is a cross-sectional view of a semiconductor laser in a third example according to the present invention; 
Figure 7 is a cross-sectional view of a semiconductor laser in a fourth example according to the present inventbn; 
Figure 8 is a graph illustrating the relationship between the refractive index difference and the astigmatic difference 
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of semiconductor lasers; 

Figure 9 is a cross-sectional view of a semiconductor laser in a fifth example according to the present invention; 
Figure 10 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser shown 
in Figure 9; 

s Figure 1 1 is a cross-sectional view of a semiconductor laser in a sixth example according to the present invention; 

Figure 12 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser shown 
in Figure 11; 

Figure 13 is a cross-sectional view of a semiconductor laser in a seventh example according to the present inven- 
tion; 

10 Figure 14 is an energy band diagram, which also illustrates the carrier concentration distribution, of an active layer 

and the vicinity thereof of the semiconductor laser shown in Figure 13; 

Figure 15 is a graph illustrating the carrier concentration in an impurity-doped region of a second optical guide 
layer and the operating voltage of the semiconductor laser shown in Figure 13; 

Figure 16 is a graph illustrating the carrier concentration in an impurity-doped region of a first optical guide layer 
is and the operating voltage of the semiconductor laser shown in Figure 13; 

Figure 17 is a cross-sectional view of a semiconductor laser in an eighth example according to the present invention; 
Figure 18 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser shown 
in Figure 18; 

Figure 19 is an energy band diagram of an active layer and the vicinity thereof of a semiconductor laser in a ninth 
20 example according to the present invention; 

Figure 20 is an energy band diagram of an active layer and the vicinity thereof of an another semiconductor laser 
in accordance with the ninth example of the present invention; 

Figure 21 is a cross-sectional view of a light emitting diode in a tenth example according to the present invention; 
Figure 22 is a cross-sectional view of a light emitting diode in an eleventh example according to the present in- 
25 vention; 

Figure 23 is an energy band diagram of an active layer and the vicinity thereof of a conventional semiconductor 
laser; 

Figure 24 is a cross-sectional view of another conventional semiconductor laser light; and 
Figure 25 is an energy band diagram of an active layer and the vicinity thereof of the conventional semiconductor 
30 laser shown in Figure 24. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0073] Hereinafter, the present invention will be described by way of illustrative examples with reference to the ac- 
35 companying drawings. In this specification, the terms "guide layer" and "optical guide layer" are used interchangeably 

(Example 1) 

[0074] Figure 1 is a cross-sectional view of a semiconductor laser 100 in a first example according to the present 
40 invention, and Figure 2 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser 
100. 

[0075] As shown in Figure 1 , the semiconductor laser 100 includes an n-type GaAs substrate 101 , an n-type GaAs 
buffer layer 1 02 having a thickness of, for example, about 0.5 |im, an n-type Al 0 5 Gao 5 As first cladding layer 1 03 having 
a thickness of, for example, about 1 .5 uxn, an Al^sGaQ 75 As first guide layer 104 having a thickness of, for example, 

45 about 15 nm, a non-doped MQW active layer 105, an Alp^Gao TgAs second guide layer 106 having a thickness of, 
for example, about 15 nm, a p-type A^Ga^ gAs second cladding layer 107 having a thickness of, for example, about 
0.2 nm, a p-type GaAs etching stop layer 1 08 having a thickness of, for example, about 0.003 um a p-type AI 05 Gao 5 As 
third cladding layer 109 having a thickness of, for example, about 1.2 um, and a p-type GaAs cap layer 110 having a 
thickness of, for example, about 0.8 u/n. On the n-type GaAs substrate 101, these layers are sequentially provided by 

50 metal organic chemical vapor deposition (hereinafter, referred to as "MOCVD"). 

[0076] As shown in Figure 2, the MQW active layer 105 includes three AI^Gao gAs quantum well layers 120 each 
having a thickness of, for example, about 8 nm and two AIq ^Gao egAs quantum barrier layers 121 each having a 
thickness of, for example, about 5 nm, which are provided alternately. The forbidden band width of each semiconductor 
layer is determined by the Al mole fraction. 

£5 [0077] Returning to Figure 1 , the p-type GaAs etching stop layer 108 is as thin as 0.003 u/n, and thus does not 
influence the light confinement or inner light absorption. The etching stop layer 108 is also advantageous in forming a 
ridge stripe (described later) by controlled etching. It is possible, though, to control the etching process based on time 
for forming the ridge stripe even when the etching stop layer 108 is not provided. 
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[0078] After the above-described layered structure is provided, a stripe mask formed of a photoresist is provided on 
a surface of the layered structure, and selective etching is performed until being stopped at a surface of the p-type 
GaAs etching stop layer 108. Thus, the ridge stripe 111 having a bottom width of, for example, about 2.2 u/n is formed. 
[0079] Next, an n-type Al 0 7 Gao 3 As first current and light confinement layer 112 having a thickness of, for example, 
s about 0.6 urn, an n-type GaAs second current confinement layer 113 having a thickness of, for example, about 0.3 
um, and a p-type GaAs planarizing layer 114 having a thickness of, for example, about 0.3 um are sequentially grown 
on the etching stop layer 108 by MOCVD so as to bury both sides of the ridge stripe 111 . 

[0080] Then, a p-type GaAs contact layer 11 5 is grown to a thickness of, for example, about 3 u.m by MOCVD so as 
to cover a surface of the p-type GaAs cap layer 110 and a surface of the p-type GaAs planarizing layer 114. An n-side 
10 electrode 116 is provided on a surface of the n-type GaAs substrate 101, and a p-side electrode 117 is provided on a 
surface of the p-type GaAs contact layer 115. The cavity length is adjusted to 375 urn by cleaving. An AI2O3 layer and 
an Si layer are provided on each of end faces of the cavity, so that a light reflectance on a light emitting face of the 
cavity is 10% and a light reflectance on a rear face of the resonator is 75%. 

[0081] When a forward voltage was applied between the n-side electrode 116 and the p-side electrode 117 of the 
*5 semiconductor laser 100, an operating current of 50 mA and an operating voltage of 1 .8 V were obtained under the 
conditions of an oscillating wavelength of 0.78 |im, a threshold current of 1 5 mA, a slope efficiency of current vs. optical 
output characteristic of 1.0 W/A, and an optical output of 35 mW. 

[0082] In the case where the conventional semiconductor laser 1700 (Figure 24) was fabricated to have the first 
guide layer 1704 and the second guide layer 1706 each having a forbidden band width equal to that of the quantum 
20 barrier layer 1711 (i.e., Al mole fraction of 0.35 in the first and second guide layer 1704 and 1706), a threshold current 
of 25 mA, an operating current of 60 mA and an operating voltage of 1 .8 V were obtained. The above conventional 
case will be referred to as 'conventional 1\ 

[0083] As can be appreciated from the above-described results, the semiconductor laser 100 in the first example 
according to the present invention reduces the threshold current to 1 5 mA from 25 m A without increasing the operating 
25 voltage. The results are summarized in Table 1 . 



Table 1 



30 





Example 1 


Conventional 1 


Threshold current 


15 mA 


25 mA 


Operating voltage 


1.8 V 


1.8 V 



[0084] In the case where the thickness of each of the first guide layer 1704 and the second guide layer 1706 is set 
to as thick as 50 nm in the semiconductor 1700 (such a conventional case will be referred to as 'conventional 2"), the 
threshold current can be reduced to 15 mA, which is equal to the threshold current obtainable in the first example. 
However, since the resistance of the semiconductor laser in the "conventional 2* increases due to the increased thick- 
nesses of the guide layers 1704 and 1706, the operating voltage is increased to 2.1 V The results are summarized in 
Table 2. 



Table 2 



45 





Example 1 


Conventional 2 


Threshold current 


15 mA 


15 mA 


Operating voltage 


1.8 V 


2.1 V 



[0085] The semiconductor laser 100 has an oscillating wavelength of 0.78 u.m when the oscillating wavelength is 
designed to be at 0.78 ujn. Thus, the oscillating wavelength is controlled satisfactorily. In the case of the semiconductor 
laser indicated as conventional 1 p the actual oscillating wavelength may be shifted to 0.775 \im with respect to the 
designed value of 0.78 um. Thus, it is difficult to control the oscillating wavelength satisfactorily. 
[0086] As shown in Figure 2, the first and second guide layers 104 and 106 are adjacent to the quantum well layers 
120, and the forbidden band width of each of the first and second guide layers 104 and 106 is larger than that of the 
quantum well layers 120 but smaller than that of the quantum barrier layers 121. 

[0087] Setting the forbidden band width of the first and second guide layers 104 and 106 to be smaller than that of 
the quantum barrier layers 121 corresponds to setting the Al mole fraction of the first and second guide layers 104 and 
1 06 to be lower than that of the quantum barrier layers 121 . Accordingly, the dopant is suppressed from diffusing from 
the cladding layers 103 and 107 to the first and second guide layers 104 and 106. Therefore, the dopant diffusion into 
the MQW active layer 105 is suppressed, thereby suppressing the Al mole fraction in the quantum well layers 120 of 
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the MQW active layer 105 from changing. In consequence, the oscillating wavelength is restricted from being shifted. 
[0088] Controlling the forbidden band width of the first and second guide layers 104 and 106 corresponds to con- 
trolling the refractive index of the layers 1 04 and 1 06. Accordingly, the vertical radiation angle is allowed to be adjusted 
by appropriately setting the refractive index of each of the first and second guide layers 104 and 106. 

5 [0089] The number of non-emission recombination levels in the first and second guide layers 1 04 and 1 06 is allowed 
to be lowered by setting the Al mole fraction of the first and second guide layers 104 and 106 to be lower than that of 
the quantum barrier layers 121 . Accordingly, the non-emission recombination is restricted with respect to carriers leak- 
ing to the first and second guide layers 104 and 106 from the quantum well layers 120. Thus, the carriers are used 
effectively for the light emission, resulting in a reduced threshold current. 

10 [0090] A change in the threshold current was measured by changing the A1 mole fraction of the first and second 
guide layers 104 and 106, namely, the forbidden band width thereof, in the semiconductor laser 100. Figure 3 shows 
the results, namely, the relationship between the forbidden band width of the first and second guide layers 104 and 
106 and the threshold current. In Figure 3, Eg represents the forbidden band width of the first and second guide layers 
1 04 and 1 06. Eb represents the forbidden band width of the quantum barrier layer 1 21 , and EX represents the forbidden 

is band width of the MQW active layer 105 which corresponds to the energy of the laser oscillation light. It is understood 
from the results that the threshold current reduces as Eg becomes smaller than Eb and that the larger threshold current 
is obtained when Eg is smaller than EX, as compared to the case of Eg=Eb. In particular, the threshold current reaches 
its minimum when Eg fulfills expression (2). 

20 

EX + 100 meV < Eg < Eb - 50 meV (2) 

[0091] As can be appreciated from the results, the threshold current significantly depends on the forbidden band 
width of the first and second guide layers 104 and 106. When Eg is smaller than EX + 100 meV, the threshold current 

25 increases for the following reason. The carriers injected into the quantum well layers 1 20 of the MQW active layer 1 05 
leak from the quantum well layers 120 to the first and second guide layers 104 and 106 which are adjacent to the 
quantum well layers 120. Thus, the carrier confinement ratio into the quantum well layers 120 is lowered. Accordingly, 
the amount of the carriers required for oscillation increases, which raises the threshold current. 
[0092] When Eg is larger than Eb-50 meV, the threshold current increases for the following reason. The refractive 

30 index of the first and second guide layers 104 and 106 is lowered in the above situation. Thus, the carrier confinement 
ratio into the MQW active layer 105 is lowered. Accordingly, a larger current is required for the oscillation. 

(Example 2) 

35 [0093] Figure 4 is a cross-sectional view of a semiconductor laser 200 in a second example according to the present 
invention, and Figure 5 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor laser 
200. 

[0094] As shown in Figure 4, the semiconductor laser 200 includes an n-type GaAs substrate 201 , an n-type GaAs 
buffer layer 202 having a thickness of, for example, about 0.5 um, an n-type Al 0 5 GaQ 5 As first cladding layer 203 having 

40 a thickness of, for example, about 1 .5 urn, an AIq^tG^ 73 As first guide layer 204 having a thickness of, for example, 
about 10 nm, a non-doped MQW active layer 205, an A^Ga^As second guide layer 206 having a thickness of, 
for example, about 10 nm, a p-type AIq 5 Gao gAs second cladding layer 207 having a thickness of, for example, about 
0.2 um, a p-type AI^GaQ 8 As etching block layer 208 having a thickness of, for example, about 0.2 urn, a p-type GaAs 
etching stop layer 209 having a thickness of, for example, about 0.003 nm, a p-type AIq 5 Gao 5 As third cladding layer 

45 210 having a thickness of, for example, about 1.2 um, and a p-type GaAs cap layer 211 having a thickness of, for 
example, about 0.8 um. On the n-type GaAs substrate 201 , these layers are sequentially provided by MOCVD. 
[0095] As shown in Figure 5, the MQW active layer 205 includes three AI^Gao gAs quantum well layers 220 each 
having a thickness of, for example, about 10 nm and two A^Ga^As quantum barrier layers 221 each having a 
thickness of, for example, about 5 nm, which are provided alternately. 

so [0096] Returning to Figure 4, after a layered structure including the above-described layers is provided, a stripe mask 
formed of a photoresist is provided on a surface of the layered structure, and selective etching is performed until being 
stopped at a surface of the p-type GaAs etching stop layer 209. Thus, a ridge stripe 212 having a bottom width of, for 
example, about 2.2 um is formed. 

[0097] Next, an n-type AIq jGao 3 As first current and light confinement layer 21 3 having a thickness of, for example, 
S5 about 0.6 um, an n-type GaAs second current confinement layer 214 having a thickness of, for example, about 0.3 
um, and a p-type GaAs planarizing layer 215 having a thickness of, for example, about 0.3 um are sequentially grown 
on the etching stop layer 209 by MOCVD so as to bury both sides of the ridge stripe 212. 

[0098] Then, a p-type GaAs contact layer 21 6 is grown to a thickness of, for example, about 3 um by MOCVD so as 
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to cover a surface of the p-type GaAs cap layer 211 and a surface of the p-type GaAs planarizing layer 215. An n-side 
electrode 217 Is provided on a surface of the n-type GaAs substrate 201 , and a p-side electrode 218 is provided on a 
surface of the p-type GaAs contact layer 216. The cavity length is adjusted to 375 ujti by cleaving. An AI2O3 layer and 
an Si layer are provided on each of end faces of the cavity, so that a light reflectance on a light emitting face of the 

s cavity is 1 2% and a light reflectance on a rear face of the cavity is 95%. 

[0099] When a forward voltage was applied between the n-side electrode 217 and the p-side electrode 218 of the 
semiconductor laser 200, an operating current of 70 mA and an operating voltage of 1.8 V were obtained under the 
conditions of an oscillating wavelength of 0.78 urn, a threshold current of 30 mA, a slope efficiency of current vs. optical 
output characteristic of 0.75 W/A, and an optical output of 30 mW. 

10 [0100] As shown in Figure 5, the first and second guide layers 204 and 206 are adjacent to the quantum well layers 
220, and the forbidden band width of each of the first and second guide layers 204 and 206 is larger than that of the 
quantum well layers 220 but smaller than that of the quantum barrier layers 221. 

[0101] Moreover, the 0.003 u/n-thick p-type GaAs etching stop layer 209 having a substantially equal light emit' ting 
energy to the energy of the laser oscillation light from the MOW active layer 205 is provided between the first and third 
cladding layers 203 and 21 0 and adjacent to the 0.2 um-thick p-type AIq 2 Ga o .8 As etching block layer 208. The etching 
stop layer 209 functions as a saturable absorption layer. Due to the saturable absorption effect of the etching stop layer 
209, self-sustaining pulsation occurs; i.e., laser oscillation light oscillates in the form of pulses. In the self-exciting 
oscillation state, the longitudinal mode of the laser becomes multiple modes, and thus the spectral line width of each 
of the longitudinal modes is enlarged. Therefore, coherency of the laser is reduced and is not influenced by the returning 
20 light, resulting in reduced noise. 

[0102] The semiconductor laser 200 has an oscillating wavelength of 0.78 urn when the oscillating wavelength is 
designed to be at 0.78 um Thus, the oscillating wavelength is controlled satisfactorily. 

[0103] In the case where the conventional semiconductor laser 1700 (Figure 24; indicated as "conventional V in 
Table 1 ) is fabricated to have the first guide layer 1704 and the second guide layer 1706 each having a forbidden band 
2s width equal to that of the quantum barrier layers 1711 (i.e., Al mole fraction of 0.35 in the first and the second guide 
layer 1704 and 1706), the oscillating wavelength can be shifted to 0.77 jim with respect to the designed value of 0.78 
urn. Thus, it is difficult to control the oscillating wavelength satisfactorily. 

[0104] The oscillating wavelength is satisfactorily controlled in the semiconductor laser 200 in the second example 
for the following reason. 

30 [0105] The semiconductor laser 200 includes the p-type Alo 2 Gao 8 As etching block layer 208 and the p-type GaAs 
etching stop layer 209 having a low or zero Al mole fraction are provided adjacent to the p-type second cladding layer 
207 for saturable absorption. Accordingly, the dopant in the p-type second cladding layer 207 is suppressed from 
diffusing at the layers 208 and 209 having a low or zero Al mole fraction. In contrast, the amount of the dopant which 
diffuses from the p-type second cladding layer 207 in the opposite direction toward the MQW active layer 205 increases. 

3S [0106] In the case of the semiconductor laser 1 700 (Figure 24; indicated as 'conventional 1 ■ in Table 1 ), the Al mole 
fraction of the first and second guide layers 1704 and 1706 is substantially equal to that of the quantum barrier layers 
1711. Accordingly, the dopant in the p-type second cladding layer 1707 is likely to diffuse to the quantum well layers 
1710 of the MQW active layer 1705. Such diffusion changes the Al mole fraction in the quantum well layers 1710, 
thereby shifting the oscillating wavelength toward the shorter wavelength side. 

40 [0107] As can be appreciated from the above description, the semiconductor laser 200 in the second example is 
advantageous in preventing the wavelength from being shifted. The change in the Al mole fraction in the quantum well 
layers of the MQW active layer caused by the dopant diffusion also influences the thicknesses of the quantum well 
layers and the quantum barrier layers. As a result, the above-described change in the Al mole fraction causes electrical 
and optical characteristics of the semiconductor laser to be different from the designed val ues as well as the wavelength. 

45 The semiconductor laser 200 in the second example also solves such problems. 

[0108] In the second example, the p-type GaAs etching stop layer 209 is provided as the saturable absorption layer 
adjacent to the p-type AI^GaQ 8 As etching block layer 208. Alternatively, it is possible to provide a single quantum 
well layer having a substantially equal quantum level to that of the quantum level of the MQW active layer 205, a 
multiple quantum well layer having a substantially equal quantum level to that of the quantum level of the MQW active 

50 layer 205, or a bulk-type semiconductor layer having a forbidden band width which is substantially equal to the quantum 
level of the MQW active layer 205 and having a thickness of greater than 20 nm. Each of these alternative layers is 
provided in the p-type second cladding layer. Either one of the above-described alternative structures provides the 
same effect. 

[0109] In the second example, the saturable absorption layer is provided in the p-type cladding layer. Alternatively, 
55 the saturable absorption layer can be provided in the n-type cladding layer. In other words, the saturable absorption 
layer can be provided at an appropriate position between the p4ype cladding layer and the n-type cladding layer which 
interpose the MQW active layer. 
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(Example 3) 

[0110] Figure 6 is a cross-sectional view of a semiconductor laser 300 in a third example according to the present 
invention. 

s [0111] As shown in Figure 6, the semiconductor laser 300 includes an n-type GaAs substrate 301, an n-type 
Gato 6 ln 0 S P buffer layer 302, an n-type (AIq jGbq 3 ) 0 5 ln 0 5 P first cladding layer 303 having a thickness of, for example, 
about 1.5 um, an (Alo^Gaoefo slno^P first guide layer 304 having a thickness of, for example, about 35 nm, a non- 
doped MQW active layer 305, an (AIq 4 Gao 6 ) 0 5 ln 05 P second guide layer 306 having a thickness of, for example, about 
35 nm, a p-type (Al 0 jGBq 3 ) 0 5 ln 0 5 P second cladding layer 307 having a thickness of, for example, about 1 .5 um, and 

10 a p-type GaQ s ln 05 P cap layer 308 having a thickness of, for example, about 0.3 um On the n-type GaAs substrate 
301, these layers are sequentially provided by molecular beam epitaxy (hereinafter, referred to as "MBE"). 
[0112] Although not shown, the MQW active layer 305 includes four GaQ 5 ln 0 5 P quantum well layers each having a 
thickness of , for example, about 8 nm and three (A|q 5 GaQ 5 ) 0 5 ln 0 5 P quantum barrier layers 321 each having a thickness 
of, for example, about 5 nm, which are provided alternately. 

'5 [01 1 3] After a layered structure including the above-described layers is provided, a stripe mask formed of a photore- 
sist is provided on a surface of the layered structure, and selective etching is performed to form a ridge stripe 309. The 
selective etching is performed until a flat portion of the p-type (AIq 7 GaQ 3 ) 0 5 ln 0 5 P second cladding layer 307 which is 
not included in the ridge stripe 309 becomes 0.3 um thick. The resultant ridge stripe 309 has a bottom width of, for 
example, about 5 um. 

20 [0114] Next, an n-type GaAs current and light confinement layer 310 having a thickness of, for example, about 1 .2 
jim is grown on the 3 um-thick portion of the second cladding layer 307 by MBE to bury the ridge stripe 309. 
[01 1 5] Then, an n-side electrode 31 1 is provided on a surface of the n-type GaAs substrate 301 , and a p-side electrode 
312 is provided on a surface of the p-type GaAs cap layer 308. The cavity length is adjusted to 500 um by cleaving. 
An AI2O3 layer and an Si layer are provided on each of end faces of the cavity, so that a light reflectance on a light 

25 emitting face of the cavity is 50% and a light reflectance on a rear face of the cavity is 85%. 

[0116] When a forward voltage was applied between the n-side electrode 311 and the p-side electrode 312 of the 
semiconductor laser 300, an operating current of 35 mA and an operating voltage of 2 V were obtained under the 
conditions of an oscillating wavelength of 0.65 um, a threshold current of 30 mA, a slope efficiency of current vs. optical 
output characteristic of 0.6 W/A, and an optical output of 3 mW. As can be appreciated from these results, the operation 

30 voltage is suppressed from increasing, while the threshold current is allowed to be reduced. 

[0117] The semiconductor laser 300 has an oscillating wavelength of 0.65 um when the oscillating wavelength is 
designed to be at 0.65 um. Thus, the oscillating wavelength is controlled satisfactorily. 

[01 18] In the case where the conventional semiconductor laser 1 700 (Figure 24; indicated as conventional 1 in Table 
1 ) is fabricated to have the first guide layer 1 704 and the second guide layer 1 706 each having a forbidden band width 

& equal to that of the quantum barrier layer 1711 (i.e., Al mole fraction of 0.5 in the first and the second guide layer 1704 
and 1706), the oscillating wavelength can be shifted to 0.64 um with respect to the designed value of 0.65 um. Thus, 
it is difficult to control the oscillating wavelength satisfactorily. Such shifting occurs because of the fact that the dopant 
in the p-type second cladding layer 1707 is likely to diffuse to the MQW active layer 1705. The Al mole fraction in the 
quantum well layers 1710 thus changes, resulting in the wavelength shift. 

40 [0119] The degree of dopant diffusion depends on the constituent material of cladding layers. For example, in the 
case of the AIGalnP-type cladding layers, the dopant in a p-type cladding layer is more likely to diffuse than the dopant 
in the AIGaAs-type cladding layer. According to the present invention, the wavelength is prevented from shifting more 
effectively, even in such a case, by setting the forbidden band width of the second guide layer provided on the side of 
the p-type second cladding layer to be smaller than that of the quantum barrier layers so as to restrict the dopant 

45 diffusion to the MQW active layer 305. 

(Example 4) 

[0120] Figure 7 is a cross-sectional view of a semiconductor laser 400 in a fourth example according to the present 
50 invention. 

[0121] As shown in Figure 7, the semiconductor laser 400 includes an n-type GaAs substrate 401 , an n-type GaAs 
buffer layer 402 having a thickness of, for example, about 0.5 um, an n-type A^Ga^As first cladding layer 403 having 
a thickness of, for example, about 1.2 um, an n-type AI 048 GaQ ^As second cladding layer 404 having a thickness of, 
for example, about 0.2 um, an AlQ^ 7 Ga 072 As first guide layer 405 having a thickness of, for example, about 5 nm, a 
55 non-doped MQW active layer 406, an Alo^yGao 73 As second guide layer 407 having a thickness of, for example, about 
5 nm, a p-type AIq 5 GaQ 5 As third cladding layer 408 having a thickness of, for example, about 0.1 5 um, a p-type GaAs 
etching stop layer 409 having a thickness of, for example, about 0.002 um, a p-type AIq 5 Gao 5 As fourth cladding layer 
410 having a thickness of, for example, about 1.0 nm, and a p-type GaAs cap layer 411 having a thickness of, for 
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example, about 0.8 urn On the n-type GaAs substrate 401, these layers are sequentially provided by MOCVD. 
[0122] Although not shown, the MQW active layer 406 includes eight AIq 13 Gao 87 As quantum well layers each having 
a thickness of, for example, about 10 nm and seven A| 0< 35Ga 0<65 As quantum barrier layers each having a thickness 
of, for example, about 5 nm, which are provided alternately. 
5 [0123] The n-type AIq ^GaQ 52 As second cladding layer 404 is used for controlling the radiation angle in the vertical 
direction and does not influence the effect of the present invention. 

[01 24] After a layered structure including the above-described layers is provided, a stripe mask formed of a photore- 
sist is provided on a surface of the layered structure, and selective etching is performed until being stopped at a surface 
of the p-type GaAs etching stop layer 409. Thus, the ridge stripe 412 having a bottom width of, for example, about 2.2 
10 urn is formed. 

[0125] Next, an n-type Al 0 jGa^ 3 As first current and light confinement layer 413 having a thickness of, for example, 
about 0.6 nm, an n-type GaAs second current confinement layer 414 having a thickness of, for example, about 0.3 
jim, and a p-type GaAs pianarizing layer 415 having a thickness of, for example, about 0.3 um are sequentially grown 
on the etching stop layer 409 by MOCVD so as to bury both sides of the ridge stripe 412. 

*5 [01 26] Then, a p-type GaAs contact layer 41 6 is grown to a thickness of, for example, about 3 u.m by MOCVD so as 
to cover a surface of the p-type GaAs cap layer 41 1 and a surface of the p-type GaAs pianarizing layer 415. An n-side 
electrode 417 is provided on a surface of the n-type GaAs substrate 401, and a p-side electrode 418 is provided on a 
surface of the p-type GaAs contact layer 416. The cavity length is adjusted to 200 um by cleaving. An AlgOg layer and 
an Si layer are provided on each of end faces of the cavity, so that a light reflectance on a light emitting face of the 

20 cavity is 30% and a light reflectance on a rear face of the cavity is 75%. 

[0127] When a forward voltage was applied between the n-side electrode 417 and the p-side electrode 418 of the 
semiconductor laser 400, an operating current of 19 mA and an operating voltage of 1 .8 V were obtained under the 
conditions of an oscillating wavelength of 0.78 urn, a threshold current of 1 5 mA, a slope efficiency of current vs. optical 
output characteristic of 0.75 W/A, and an optical output of 3 mW. 

25 [0128] In the semiconductor laser 400 in the fourth example, self-sustaining pulsation occurs; i.e., laser oscillation 
light oscillates in the form of pulses due to the saturable absorption effect of a portion of the MQW active layer 406 
which is not covered by the ridge stripe 412. In the self-sustaining pulsation condition, the longitudinal mode of the 
laser becomes multiple modes, and thus the spectral line width of each of the longitudinal modes is enlarged. Therefore, 
coherency of the laser is reduced and is not influenced by the returning light, resulting in reduced noise. 

30 [0129] In the semiconductor laser 400, the astigmatic difference, i.e., the positional difference between the minimum 
spot position of the radiation light in the horizontal direction and that in the vertical direction with respect to the MQW 
active layer 406, is, for example, about 5 um 

[0130] On the other hand, in the case where the conventional semiconductor laser 1700 (Figure 24) is fabricated to 
have the first guide layer 1704 and the second guide layer 1706 each having a forbidden band width equal to that of 
35 the quantum barrier layer 1711 (i.e., Al mole fraction of 0.35 in the first and the second guide layer 1704 and 1706), 
the astigmatic difference is as large as 15 urn When the astigmatic difference is increased, the size of the light spot 
converged by a lens increases. Such an increased size of light spot is difficult to be used, for example, in an optical / 
disk system. 

[0131] The semiconductor laser 400 in the fourth example according to the present invention increases the amount 
40 of saturable absorption in a portion of the quantum well layers of the MQW active layer 406 which is not covered by 

the ridge stripe 412 with the quantum well layers being adjacent to the first and second guide layers 405 and 407. 

Accordingly, self-sustaining pulsation is realized while the light is confined in a portion of the MQW active layer 406 

which is covered by the ridge stripe 412. In consequence, there exists less influence due to the wave front caused by 

the saturable absorption effect in the portion of the MQW active layer 406 which is not covered by the ridge stripe 41 2. 
45 Therefore, the position shift of the radiation light spot in the horizontal direction to the MQW active layer 406 becomes 

smaller, thereby improving the astigmatic difference. The optical characteristics of the semiconductor laser 400 are 

thus improved. 

[0132] Figure 8 illustrates the relationship between the refractive index difference (An) and the astigmatic difference 
(AZ) of the semiconductor laser 400 shown in Figure 7 and the previously-described conventional semiconductor laser 

50 1700. The refractive index difference (An) represents the difference between the refractive index n a of light confined 
in the portion of the MQW active layer which is covered by the ridge stripe and the refractive index r^ of light confined 
in the portion of the MQW active layer which is not covered by the ridge stripe. Based on the relationship shown in 
Figure 8, it is understood that the refractive index difference depends on the astigmatic difference and that the astigmatic 
difference (AZ) is more suppressed in the semiconductor laser 400 than in the conventional semiconductor laser 1700. 

55 [0133] In order to cause self-sustaining pulsation, the refractive index (An) is required to be 7 X 10 3 or less so as 
to allow the light to leak to the portion of the MQW active layer which is not covered by the ridge stripe. The astigmatic 
difference (AZ) tends to increase as the refractive index difference (An) reduces. In order to restrict the astigmatic 
difference (AZ) of a semiconductor laser having the structure of the fourth example to 10 urn or less, the refractive 
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index difference (An) is required to be 2 X 10 -3 or more. The semiconductor laser 400 of the present example, which 
is a self-sustaining pulsation-type low noise semiconductor laser having an astigmatic difference of 10 urn or less and 
other satisfactory optical characteristics, is realized by setting the refractive index difference (An) in a range fulfilling 
the conditions represented by expression (1). 

5 

2X 10" 3 ^An^7X 10' 3 (1) 

[0134] In the conventional semiconductor laser 1700, the astigmatic difference (AZ) is greater than 10 u/n when the 
10 refractive index difference (An) is in the range of 7 x 10 -3 or less, which is required to cause self-sustaining pulsation. 
Accordingly, the conventional semiconductor laser 1700 cannot cause self-sustaining pulsation at a smaller astigmatic 
difference. 
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(Example 5) 



[0135] Figure 9 is a cross-sectional view of a semiconductor laser 500 in a fifth example according to the present 
invention, and Figure 10 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor 
laser 500. 

[0136] As shown in Figure 9, the semiconductor laser 500 includes an n-type GaAs substrate 501, an n-type GaAs 
20 buffer layer 502 having a thickness of, for example, about 0.5 urn, an n-type AIq 5 Gao 5 As first cladding layer 503 having 
a thickness of, for example, about 1 .5 urn, an AIq ^GbqjAs first guide layer 504 having a thickness of, for example, 
about 15 nm, a non-doped MQW active layer 505, an A\ 0 .2s Ga o .75 As second guide layer 506 having a thickness of, 
for example, about 15 nm, a p-type AIq gGag 5 As second cladding layer 507 having a thickness of, for example, about 
0.2|im, a p-type GaAs first etching stop layer 508 having a thickness of, for example, about 0.003 \im, a p-type 
Al 0 6 Gag 4 As second etching stop layer 509 having a thickness of, for example, about 0.01 um, an n-type AI 05 Gao 5 As 
current and light confinement layer 510 having a thickness of, for example, about 1.0 u/n, and an n-type GaAs cap 
layer 511 having a thickness of, for example, about 0.8 u/n. On the n-type GaAs substrate 501, these layers are 
sequentially provided by MOCVD. 

[0137] As shown in Figure 10, the MQW active layer 505 includes two AIq ^Gao gAs quantum well layers 520 each 
30 having a thickness of, for example, about 8 nm and one AIq 35 GaQ ^As quantum barrier layer 521 each having a 
thickness of, for example, about 5 nm, which are provided alternately. 

[01 38] Returning to Figure 9, the p-type GaAs first etching stop layer 508 and the p-type Al 0 6 Gao 4 As second etching 
stop layer 509, which are both very thin, do not influence the light confinement or inner light absorption. 
[0139] After a layered structure including the above-described layers is provided, a stripe window formed of a pho- 
35 toresist is provided on a surface of the layered structure, and selective etching is performed until being stopped at a 
surface of the p-type GaAs first etching stop layer 508. Thus, the stripe groove 512 having a bottom width of, for 
example, about 2.5 nm is formed. 

[0140] Next, a p-type Al 0 5 Gao 5 As third cladding layer 513 having a thickness of, for example, about 1 .5 u/n and a 
p-type GaAs contact layer 514 having a thickness of, for example, about 2 u.m are sequentially grown on the first 
etching stop layer 508 by MOCVD so as to bury the stripe groove 512. 

[0141] An n-side electrode 515 is provided on a surface of the n-type GaAs substrate 501 , and a p-side electrode 
516 is provided on a surface of the p-type GaAs contact layer 514. The cavity length is adjusted to 375 u/n by cleaving. 
An Al 2 0 3 layer and an Si layer are provided on each of end faces of the cavity, so that a light reflectance on a light 
emitting face of the cavity is 30% and a light reflectance on a rear face of the cavity is 95%. 
[0142] When a forward voltage was applied between the n-side electrode 515 and the p-side electrode 516 of the 
semiconductor laser 500, an operating current of 14 mA and an operating voltage of 1.7 V were obtained under the 
conditions of an oscillating wavelength of 0.78 u/n, a threshold current of 1 0 m A, a slope efficiency of current vs. optical 
output characteristic of 0.75 W/A, and an optical output of 3 mW. 

[0143] In the semiconductor laser 500, the first and second guide layers 504 and 506 are adjacent to the quantum 
well layers 520, and the forbidden band width of each of the first and second guide layers 504 and 506 is larger than 
that of the quantum well layers 520 but smaller than that of the quantum barrier layer 521. In addition, the forbidden 
band width of the first guide layer 504 and the forbidden band width of the second guide layer 506 are different from 
each other. 

[0144] The difference in forbidden band width between the first and second guide layers 504 and 506 means a 
difference in the Al mole fraction between the first and second guide layers 504 and 506. In this state, the radiation 
angle vertical to the MQW active layer 505 is 25 degrees. When the first and second guide layers have an equal 
forbidden band width (i.e., the first and second guide layers has an equal Al mole fraction of 0.25), the radiation angle 
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vertical to the MOW active layer is 30 degrees. The characteristics of radiated light are thus allowed to be controlled 
by appropriately setting the Al mole fraction in the first and second guide layers 504 and 506 in this manner 

(Example 6) 

5 

[0145] Figure 11 is a cross-sectional view of a semiconductor laser 600 in a sixth example according to the present 
invention, and Figure 12 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor 
laser 600. 

[0146] As shown in Figure 11, the semiconductor laser 600 includes a sapphire substrate 601, a GaN buffer layer 
10 602 having a thickness of, for example, about 0.05 urn, an n-type GaN first cladding layer 603 having a thickness of, 
for example, about 3 urn, an n-type ln 0 sGa^ 95 N second cladding layer 604 having a thickness of, for example, about 
1 .0 jim, an n-type Al 0 .osG^o .95 N third cladding layer 605 having a thickness of, for example, about 0.5 pm, a non -doped 
ln 0 jGaQ 9 N first guide layer 606 having a thickness of, for example, about 20 nm, a non-doped MOW active layer 607, 
a non-doped ln 0 ^Gao 9 N second guide layer 608 having a thickness of, for example, about 20 nm, a p-type Al 0 2 Gao 8 N 
is fourth cladding layer 609 having a thickness of, for example, about 20 nm, a p-type GaN fifth cladding layer 610 having 
a thickness of, for example, about 0.1 pm, a p-type AIq os Ga o 95 N s ' xtn cladding layer 611 having a thickness of, for 
example, about 0.5 pm, and a p-type GaN contact layer 612 having a thickness of, for example, about 0.2 pm On the 
sapphire substrate 601 , these layers are sequentially provided by MOCVD. 

[0147] As shown in Figure 12, the MOW active layer 607 includes three ln 0 ^Gao 8 N quantum well layers 620 each 
20 having a thickness of, for example, about 4 nm and two Ity 6 Gao 95 N quantum barrier layers 621 each having a thickness 
of, for example, about 5 nm, which are provided alternately. 

[0148] Returning to Figure 11, after a layered structure including the above-described layers is provided, a stripe 
mask formed of a photoresist is provided on a surface of the layered structure, and a ridge stripe 630 having a width 
of, for example, about 2 pm is formed by dry etching. An n-side electrode 640 is provided on a surface of the n-type 
25 GaN first cladding layer 603, and a p-side electrode 641 is provided on a surface of the p-type GaN contact layer 612. 
The cavity length is adjusted to 700 pm by cleaving. Each of end faces of the cavity is coated with a dielectric layer, 
so that a light reflectance both on a light emitting face and a rear face of the cavity is 30%. 

[0149] When a forward voltage was applied between the n-side electrode 640 and the p-side electrode 641 of the 
semiconductor laser 600, an operating voltage of 6 V, an oscillating wavelength of 0.41 pm, a threshold current of 100 

30 mA, and a slope efficiency of current vs. optical output characteristic of 0.2 W/A were obtained. 

[01 50] In the semiconductor laser of the present invention, the first and second guide layers 606 and 608 are adjacent 
to the quantum well layers 620, and the forbidden band width of the first and second guide layers 606 and 608 is larger 
than that of the quantum well layers 620 but smaller than that of the quantum barrier layers 621. In addition, the 
forbidden band width of the first and second guide layers 606 and 608 is set at an intermediate level between the 

3S forbidden band width of the quantum well layers 620 and that of the quantum barrier layers 621 . 

[0151] Each of the semiconductor layers has the relationship between the composition ratio and the forbidden band 
such that as the In mole fraction therein increases, the forbidden band width thereof reduces while the refractive index 
thereof increases. Furthermore, as the Al mole fraction of each semiconductor layer increases, the forbidden band 
width of that layer increases while refractive index thereof reduces. 

40 [0152] In the sixth example, the first and second guide layers 606 and 608 are formed of non-doped InGaN. Accord- 
ingly, the first and second guide layers 606 and 608 prevents the dopant in the n-type third cladding layer 605 and the 
p-type fourth cladding layer 608 from diffusing into the MOW active layer 607. Thus, the shift of oscillating wavelength 
otherwise caused by a change in a composition ratio is prevented. 

[0153] Moreover, since the first and second guide layers 606 and 608 are formed of InGaN and have a forbidden 
45 band width at the intermediate level between those of the quantum well layers 620 and the quantum barrier layers 621 , 
the refractive index of the first and second guide layers 606 and 608 is increased. Accordingly, the light confinement 
ratio into the MOW active layer 607 is increased while suppressing an increase in the operating voltage, thereby re- 
ducing the threshold current. 

[0154] In the case of the conventional semiconductor laser 1 700 (Figure 24), the first guide layer 1704 and the second 
50 guide layer 1 706 are formed of n-type or p-type GaN. Accordingly, the dopant diffuses into the MOW active layer 1 705 
to cause the shift of oscillating wavelength. When the first guide layer and the second guide layer are formed of a non- 
doped material in order to solve this problem, the operating voltage is undesirably increased. 
[0155] In the previous examples, the forbidden band width of each of the first and second guide layers is smaller 
than that of the quantum barrier layers. Alternatively, either one of the first guide layer or the second guide layer can 
55 have a forbidden band width smaller than that of the quantum barrier layers. 

[0156] The present invention is not limited to the specific values set forth previously regarding various parameters 
such as the layer thicknesses, the Al mole fraction, the In mole fraction, the carrier concentration and the like, and is 
applicable to other conditions with different parameter values. 
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[0157] Growth methods other than MOCVD or MBE, such as, for example, LPE, gas source MBE, ALE are usable. 
(Example 7) 

s [01 58] Figu re 1 3 is a cross-sectional view of a semiconductor laser 700 in a seventh exampl e according to the present 
invention, and Figure 14 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor 
laser 700. 

[0159] As shown in Figure 13, the semiconductor laser 700 includes an n-type GaAs substrate 701 , an n-type GaAs 
buffer layer 702, an n-type Al 0 ^Gs^ 5 As first cladding layer 703, an Al 0 Z s G ^ .65^ first optical guide layer 704, a non- 

10 doped MQW active layer 705, an AIq ^Gao ^As second optical guide layer 706, a p-type Al 0 5 Gao 5 As second cladding 
layer 707, and a p-type GaAs etching stop layer 708. On the n-type GaAs substrate 701 , these layers are sequentially 
provided. In central surface area of the p-type GaAs etching stop layer 708, a p-type Al 0 ^aQ 5 As third cladding layer 
709 and a p-type GaAs cap layer 710, which form a ridge stripe, are provided. An n-type Al 0 7 Gao 3 As current and light 
confinement layer 711, an n-type GaAs current blocking layer 712, and a p-type GaAs planarizing layer 713 are se- 

15 quentially provided on the' etching stop layer 708 so as to sandwich the ridge stripe. A p-type GaAs contact layer 714 
is provided on a surface of the p-type GaAs cap layer 710 and a surface of the p-type GaAs planarizing layer 713. A 
p-side electrode 750 is provided on a surface of the p-type GaAs contact layer 714, and an n-side electrode 751 is 
provided on a surface of the n-type GaAs substrate 701 which does not have the above-described semiconductor 
layers provided thereon. 

20 [01 60] The semiconductor laser 700 having the above-described structure is fabricated by, for example, the following 
manner. 

[0161] On the n-type GaAs substrate 701, the following layers are grown by performing the first MOCVD process: 
the n-type GaAs buffer layer 702 (thickness: about 0.5 urn; dopant: Si; carrier concentration: about 1 x 10 18 cnrr 3 ), 
the n-type A^Ga^As first cladding layer 703 (thickness: about 1.5 urn; dopant: Si; carrier concentration: about 8 X 

25 io 17 cnrr 3 ), the Al 0 3 5 Gao 65 As first optical guide layer 704, the non-doped MQW active layer 705, the Al 0 35 Gao 65 As 
second optical guide layer 706, the p-type Al 0 6 Gao 5 As second cladding layer 707 (thickness: about 0.25 um; dopant: 
Zn; carrier concentration: about 1 X 10 18 cm 3 ), the p-type GaAs etching stop layer 708 (thickness: about 0.003 um; 
dopant: Zn; carrier concentration: about 1 X 10 18 cm" 3 ), the p-type Alo gGao gAs third cladding layer 709 (thickness: 
about 1 .0 urn; dopant: Zn; carrier concentration: about 2 X 10 18 cm" 3 ), and the p-type GaAs cap layer 710 (thickness: 

so about 0.7 urn; dopant: Zn; carrier concentration: about 3 X 10 18 cm" 3 ). 

[01 62] As shown in Figure 14, the MQW active layer 705 is formed by alternately growing three AIq ^GaQ 88 As quan- 
tum well layers 720 each having a thickness of, for example, about 0.008 um and two AIq ^Gao egAs quantum barrier 
layers 721 each having a thickness of, for example, about 0.005 urn, so that each well layer 720 is interposed between 
the adjacent barrier layers 721. The first optical guide layer 704 is formed by sequentially growing an impurity-doped 

35 layer (thickness: about 0.03 urn; dopant: Si; carrier concentration: about 5 X 10 17 cm" 3 ) and a non-impurity-doped 
layer (thickness: about 0.02 um) on the n-type first cladding layer 703. The second optical guide layer 706 is formed 
by sequentially growing a non-impurity-doped layer (thickness: about 0.02 um) and an impurity-doped layer (thickness: 
about 0.03 urn; dopant: Zn; carrier concentration: about 8 x 1 0 17 cm 3 ) on the MQW active layer 705. 
[0163] Returning to Figure 13, the cap layer 710 is patterned into a convex stripe having a top width of, for example, 

40 about 2 um by etching using a stripe mask formed of a photoresist as an etching mask. The p^ype third cladding layer 
709 is then patterned into a ridge stripe having a bottom width of, for example, about 2.5 um by etching using the cap 
layer striped-patterned cap layer 710 as an etching mask. The etching is stopped by the etching stop layer 708. After 
the etching, the photoresist is removed. 

[0164] Next, the following layers are grown so as to bury both sides of the ridge stripe by performing the second 
45 MOCVD process: the n-type A^ ^a^As current and light confinement layer 711 (thickness: about 0.6 um; dopant: 
Si; carrier concentration: about 1 x 10 18 cnrr 3 ), the n-type GaAs current blocking layer 712 (thickness: about 0.3 um; 
dopant: Si; carrier concentration: about 1 X 10 18 cm" 3 ), and the p-type GaAs planarizing layer 713 (thickness: about 
0.3 jam; dopant: Zn; carrier concentration: about 1 x 10 18 cm -3 ). 

[0165] Then, unnecessary portions of the above-described layers which are on the cap layer 710 are removed by 
50 etching and the thickness of the cap layer 710 is adjusted to be, for example, about 0.3 um The p-type GaAs contact 
layer 713 (thickness: about 3 um; dopant: Zn; carrier concentration: about 1 X 10 19 cnrr 3 ) are then grown on the cap 
layer 710 and the planarizing layer 713 by performing the third MOCVD process. 

[01 66] The thermal hysteresis temperature (i.e. , the crystal grown temperature) during the MOCVD growth processes 
is set at about 600°C to 800°C. Due to such a crystal grown temperature, impurities in the first and second optical 
55 guide layers 704 and 706 diffuse from the impurity-doped layer to the non-impurity-doped layer. As a result, the MQW 
active layer 705 and the vicinity thereof exhibits the band diagram and carrier concentration shown in Figure 14. 
[01 67] As can be appreciated from Figu re 1 4, the first optical guide layer 704 is divided into an impurity-doped region 
730 (thickness: about 0.03 um), an intermediate impurity concentration region 731 (thickness: about 0.01 um), and an 
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impurity-scarce region 732 (thickness: about 0.01 u/n), which are located in this order from the side of the n-type first 
cladding layer 703. The impurity concentration of the impurity-scarce region 732 is 1/5 or less than that of the impurity- 
doped region 730. The second optical guide layer 706 is divided into an impurity-doped region 740 (thickness: about 
0.03 jam), an intermediate impurity concentration region 741 (thickness: about 0.01 u/n), and an impurity-scarce region 

5 742 (thickness: about 0.01 um), which are located in this order from the side of the p-type second cladding layer 707. 
The impurity concentration of the impurity-scarce region 742 is 1/5 or less than that of the impurity-doped region 740. 
In this manner, the impurity-doped regions 730 and 740, the intermediate impurity concentration regions 731 and 741, 
and the impurity-scarce regions 732 and 742 are formed through a simple fabrication process with satisfactory con- 
trollability by utilizing thermal hysteresis during the growth of the semiconductor layers. 

10 [0168] Thereafter, the p-side electrode 750 is formed on the p-type GaAs contact layer 71 4, and the n-side electrode 
751 is formed on the n-type GaAs substrate 701. The cavity length is adjusted to 375 ujti by cleaving. A light emitting 
face of the cavity is coated with a single Al^ layer so that a light reflectance thereon is 10%, while a rear face of the 
cavity is subjected to a multiple-layer coating with an AI2O3 layer and an Si layer so that a light reflectance thereon is 
75%. 

75 [0169] The semiconductor laser 700 fabricated in this manner was operated at an optical output of 4 mW at room 
temperature. The characteristics obtained in such conditions are shown in Table 3. For the purpose of comparison, 
the characteristics of different semiconductor lasers are also shown in Table 3. Comparative example 1 refers to a 
semiconductor laser fabricated in the same manner as in the seventh example except that no impurity was added in 
the optical guide layers. Comparative example 2 refers to a semiconductor laser fabricated in the same manner as in 

20 the seventh example except that impurities were added to the entire optical guide layers. 



Table 3 





Operating current 


Operating voltage 


Resistance 


Example 1 


20 mA 


1.B0 V 


5 ohms 


Comparative example 1 


20 mA 


2.10 V 


1 5 ohms 


Comparative example 2 


25 mA 


1.80 V 


5 ohms 



30 [0170] As can be appreciated from Table 3, in the semiconductor laser 700 in the seventh example, the operating 
voltage, the operating current and the resistance are all reduced. In the case of comparative example 1 in which no 
impurity was added to the optical guide layers, the operating current is reduced but the resistance is increased due to 
an increased resistance in the optical guide layers. The operating voltage is also increased due to the potential barrier 
generated between the cladding layers and the optical guide layers. In the case of comparative example 2 in which 

35 impurities were added to the entire optical guide layers, the operating voltage and the resistance are reduced but the 
operating current is increased since the laser characteristics are deteriorated by impurity diffusion from the optical 
guide layers to the MQW active layer during the operation. 

[0171] Figure 1 5 illustrates changes in the operating voltage measured when the carrier concentration of the impurity- 
doped region 730 (Figure 1 4) of the first optical guide layer 704 was fixed at 5 x 1 0 1 7 cm" 3 wh ile the carrier concentration 
40 of the impurity-doped region 740 (Figure 14) of the second optical guide layer 706 was changed. Figure 16 illustrates 
changes in the operating voltage measured when the carrier concentration of the impurity-doped region 740 (Figure 
14) of the second optical guide layer 706 was fixed at 8 X 10 17 cnrr 3 while the carrier concentration of the impurity- 
doped region 730 (Figure 14) of the first optical guide layer 704 was changed. 

[0172] As can be appreciated from Figures 15 and 16, the operating voltage is reduced as the carrier concentration 

45 of the impurity-doped region increases. 

[0173] For example, the carrier concentration of the impurity-doped region 730 (Figure 14) of the first optical guide 
layer 704 is preferably set at 2 X 10 17 cm -3 or more as shown in Figure 16, which reduces the operating voltage to 1 .9 
V or less. The upper limit of the carrier concentration of the impurity-doped region 730 is preferably set at 1 X 10 18 
cm -3 , since an excessively high carrier concentration generates a non-emission center inherent to n-type impurities, 

so which lowers the light emission efficiency in the first optical guide layer 704, thereby deteriorating the laser character- 
istics. 

[0174] The carrier concentration of the impurity-doped region 740 (Figure 14) of the second optical guide layer 706 
is preferably set at 4 x 10 17 cm -3 or more as shown in Figure 15, which reduces the operating voltage to 1 .9 V or less. 
The upper limit of the carrier concentration of the impurity-doped region 740 is preferably set at 1 .2 x 1 0 1 8 cm' 3 , since 
ss an excessively high carrier concentration allows the current to spread too much in the second optical guide layer 706, 
resulting in an increased threshold current due to an increased invalid current. 

[0175] The thickness of each of the impurity-scarce regions 732 and 742 (Figure 14) of the first and second optical 
guide layers 704 and 706 is preferably set to, for example, 10 nm or less. When the impurity-scarce region 732 and 
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742 are excessively thick, the potential barrier inhibits carrier injection from the impurity-doped regions 730 and 740 
to the MQW active layer 705. The thickness of 1 0 nm or less is appropriate for the carriers to tunnel through the potential 
barrier for realizing smooth carrier injection. When the thickness of the impurity-scarce regions 732 and 742 is less 
than 3 nm, though, impurities diffuse to the MQW active layer 705 during the operation, thereby deteriorating the laser 
5 characteristics. Thus, the lower limit of the thickness of the impurity-scarce regions 732 and 742 is preferably set to 3 
nm. When the carrier concentration of the impurity-scarce regions 732 and 742 is 1/5 or less of that of the impurity- 
doped regions 730 and 740, the impurity-scarce regions 732 and 742 effectively suppress impurity diffusion to the 
MQW active layer 705 during the operation. 

[0176] Moreover, the semiconductor laser 700 include the intermediate impurity concentration regions 731 , 741 pro- 
10 vided between the impurity-doped regions 730, 740 and the impurity-scarce regions 732, 742. Due to such a structure, 
impurity diffusion from the impurity-doped regions 730, 740 to the MQW active layer 705 during the operation is re- 
stricted by both the intermediate impurity concentration regions 731, 741 and the impurity-scarce regions 732, 742. 
Thus, deterioration of the laser characteristics is more effectively prevented. Moreover, since the height of the potential 
barrier continuously changes in the intermediate impurity concentration regions 731, 741, the potential barrier is alle- 
ys viated. In consequence, carrier injection into the MQW active layer 705 is performed more smoothly, realizing the 
reduced operating voltage. The thickness of the intermediate impurity concentration regions 731, 741 is preferably set 
to be 3 nm or more but 10 nm or less in order to effectively prevent impurity diffusion from the impurity-doped regions 
730, 740 to the impurity-scarce regions 732, 742 during the operation without inhibiting carrier injection from the im- 
purity-doped regions 730, 740 to the MQW active layer 705. 

20 

(Example 8) 

[01 77] Figure 17 is a cross-sectional view of a semiconductor laser 800 in an eighth example according to the present 
invention, and Figure 18 is an energy band diagram of an active layer and the vicinity thereof of the semiconductor 
2S laser 800. In the eighth example, the forbidden band width of optical guide layers is smaller than that of quantum barrier 
layers but larger than that of quantum well layers. 

[0178] As shown in Figure 17, the semiconductor laser 800 includes an n-type GaAs substrate 801, an n-type 
Ga 05' n o.5 p Duffer layer 802, an n-type (AloyGao 3 ) 05 ln 0 5 P first cladding layer 803, an (Al 0 7 Gao 3 ) 0 5 ln 0 5 P first optical 
guide layer 804, a non-doped MQW active layer 805, an ( Al 0 7 GaQ 3 ) 0 5 ln 0 5 P second optical guide layer 806, and a p- 

30 type (AIq 7 Gao 3 ) 0 5 ln 0 5 P second cladding layer 807. The second cladding layer 807 includes a ridge stripe portion 809 
and a flat portion. - On the n-type GaAs substrate 801, these layers are sequentially provided. A p-type Gao S ln 05 P 
cap layer 808 is provided on the ridge stripe 809. An n-type GaAs current and light confinement layer 810 is provided 
on the flat portion of the p-type second cladding layer 807 so as to bury both sides of the ridge stripe 809. A p-side 
electrode 812 is provided on a surface of the cap layer 808 and a surface of -the current confinement layer 810, and 

35 an n-side electrode 811 is provided on a surface of the n-type GaAs substrate 801 which does not have the above- 
described semiconductor layers provided thereon. 

[01 79] The semiconductor laser 800 having the above-described structure is fabricated by, for example, the following 
manner. 

[0180] On the n-type GaAs substrate 801 , the following layers are grown by MOCVD: the n-type Gao 5 ln 0 5 P buffer 
40 layer 802, the n-type (Alo TGao ^o glno gP first cladding layer 803 (thickness: about 1.5 nm), the (Alo^aoafo^lnQgP 
first optical guide layer 804, the non-doped MQW active layer 805, the (AIq tG^ 3 ) 0 5 ln 0 5 P second optical guide layer 
806, the p-type (AIq jGsq 3 ) 0 5 ln 0 5 P second cladding layer 807 (thickness: about 1 .5 urn), and the p-type Gao 5 ln 0 5 P 
cap layer 808 (thickness: about 0.3 urn). 

[01 81] As shown in Figure 1 8, the MQW active layer 805 is formed by alternately growing three Gao 5 ln 0 5 P quantum 
45 well layers 820 each having a thickness of, for example, about 0.008 u/n and two (AIq 5 Gao 5 ) 0 5 ln 0 5 P quantum barrier 
layers 821 each having a thickness of, for example, about 0.005 um, so that the barrier layer 821 is interposed between 
the adjacent well layers 820. The first optical guide layer 804 is formed by sequentially growing an impurity-doped layer 
(thickness: about 0.015 u.m; dopant: Si; carrier concentration: about 7 x 10 17 cnrr 3 ) and a non-impurity-doped layer 
(thickness: about 0.02 um) on the n-type first cladding layer 803. The second optical guide layer 806 is formed by 
so sequentially growing a non-impurity-doped layer (thickness: about 0.02 u/n) and an impurity-doped layer (thickness: 
about 0.015 nm; dopant: Zn; carrier concentration: about 1 X 10 18 cm" 3 ) on the MQW active layer 805. 
[0182] The thermal hysteresis temperature (i.e., the crystal grown temperature) during the MOCVD growth process 
is set to be about 500°C to 700°C. Due to such a crystal grown temperature, impurities in the first and second optical 
guide layers 804 and 806 diffuse from the impurity-doped layer to the non-impurity-doped layer. As a result, the MQW 
55 active layer 805 and the vicinity thereof exhibits the band diagram shown in Figure 18. 

[0183] As can be appreciated from Figure 1 8, the first optical guide layer 804 is divided into an impurity-doped region 
830 (thickness: about 0.01 urn), an intermediate impurity concentration region 831 (thickness: about 0.015 ujti), and 
an impurity-scarce region 832 (thickness: about 0.01 nm), which are located in this order from the side of the n-type 
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first cladding layer 803. The second optical guide layer 806 is divided into an impurity -doped region 840 (thickness: 
about 0.01 u/n), an intermediate impurity concentration region 841 (thickness: about 0.01 5 um), and an impurity-scarce 
region 842 (thickness: about 0.01 urn), which are located in this order from the side of the p-type second cladding layer 
807. In this manner, the impurity-doped regions 830 and 840, the intermediate impurity concentration regions 831 and 
5 841 , and the impurity-scarce regions 832 and 842 are formed through a simple fabrication process with satisfactory 
controllability by thermal hysteresis during the growth of the semiconductor layers. 

[0184] Returning to Figure 17, the p-type second cladding layer 807 and the cap layer 808 are etched to form the 
ridge stripe 809. The etching is performed until a flat portion of the p-type second cladding layer 807 which is not 
included in the ridge stripe 809 becomes 0.3 um thick. The resultant ridge stripe 809 has a bottom width of, for example, 
10 about 5 um 

[0185] Then, the n-type GaAs current and light confinement layer 810 (thickness: about 1.2 uxn) is grown so as to 
bury both sides of the ridge stripe 809 by MOCVD. 

[0186] Thereafter, the p-side electrode 812 is formed on the cap layer 808 and the current and light confinement 
layer 810, and the n-side electrode 811 is formed on the n-type GaAs substrate 801. The cavity length is adjusted to 
15 500 urn by cleaving. Each end of the cavity is treated so that a light reflectance on a light emitting face of the cavity is 
50% and a light reflectance on a rear face of the cavity is 85%. 

[0187] In the semiconductor laser 800 fabricated in this manner, as shown in Figure 18, the forbidden band width of 
each of the first and second optical guide layers 804 and 806 is set to be larger than that of the quantum well layers 
820 but smaller than that of the quantum barrier layers 821. In general, the Al mole fraction of a compound semicon- 

20 ductor layer including Al is in proportion to the forbidden band width thereof. Accordingly, the Al mole fraction (x=0.3) 
of the first and second optical guide layers 804 and 806 is set to be higher than the Al mole fraction (x=0) of the quantum 
well layers 820 but lower than the Al mole fraction (x=0.5) of the quantum barrier layers 821. Such a setting means 
that the Al mole fraction of the impurity-doped regions 830 and 840 of the first and second optical guide layers 804 
and 806 is relatively low Accordingly, impurity diffusion from the impurity-doped regions 830, 840 to the MQW active 

25 layer 805 is further restricted, thereby more effectively preventing deterioration of the laser characteristics. 

[0188] Such further restriction of deterioration of the laser characteristics is sufficient for preventing the impurity 
diffusion from the impurity-doped region to the active layer during the operation even when the thickness of the impurity- 
scarce regions 832 and 842 is reduced. Such a reduction in the thickness allows for smooth current injection from the 
first and second optical guide layers 804 and 806 to the MQW active layer 805. Thus, the operating voltage is allowed 

30 to be lowered. 

[0189] In general, the forbidden band width of a compound semiconductor layer is in inverse proportion to the re- 
fractive index thereof. Accordingly, the above-mentioned structure causes the refractive index of the entire first and 
second optical guide layers 804 and 806 to be increased so as to enhance the light confinement, thereby lowering the 
threshold current. 

35 [0190] When a forward voltage was applied between the n-side electrode 811 and the p-side electrode 812 of the 
semiconductor laser 800, an operating current of 35 mA and an operating voltage of 2 V were obtained under the 
conditions of an oscillating wavelength of 0.65 urn, a threshold current of 30 mA, a slope efficiency of current vs. optical 
output characteristic of 0.6 W/A, and an optical output of 3 mW. In contrast, a semiconductor laser including no impurity 
in the optical guide layers exhibited a higher operating voltage of 2.3 V. In the case of a semiconductor laser including 

40 impurities in the entirety of the optical guide layers, the operating voltage was 2 V but the operating current was as 
large as 50 mA due to impurity diffusion from the optical guide layers to the MQW active layer during the operation. 
Th us, the semiconductor laser 800 in the eighth example reduces the operating voltages and also prevents deterioration 
of the laser characteristics otherwise caused by an increased operating current. 

45 (Example 9) 

[0191] In a ninth example according to the present invention, the forbidden band width of optical guide layers is set 
to be smaller than that of quantum barrier layers but larger than that of quantum well layers. The forbidden band width 
of impurity-scarce regions is set to be larger than that of impurity-doped regions. 
50 [01 92] A semiconductor laser in the ninth example has substantially the same structure as that of the semiconductor 
laser 800 shown in Figure 17. Elements which are identical with those described with reference to Figures 17 and 18 
bear identical reference numerals and detailed descriptions thereof will be omitted. 

[0193] As in the eighth example, due to thermal hysteresis during the grown process, impurities in the first and second 
optical guide layers 804 and 806 diffuse from the impurity-doped layer to the non-impurity-doped layer. As a result, the 
55 MQW active layer 805 and the vicinity thereof exhibits the band diagram shown in Figure 19. 

[0194] As can be appreciated from Figure 19, the first optical guide layer 804 is divided into an impurity-doped region 
850 (thickness: about 0.01 um), an intermediate impurity concentration region 851 (thickness: about 0.015 um), and 
an impurity-scarce region 852 (thickness: about 0.01 um), which are located in this order from the side of the n-type 
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first cladding layer 803. The second optical guide layer 806 is divided into an impurity-doped region 860 (thickness: 
about 0.01 |im), an intermediate impurity concentration region 861 (thickness: about 0.015 u.m), and an impurity-scarce 
region 862 (thickness: about 0.01 jam), which are located in this order from the side of the p-type second cladding layer 
807. In this manner, the impurity-doped regions 850 and 860, the intermediate impurity concentration regions 851 and 
s 861, and the impurity-scarce regions 852 and 862 are formed through a simple fabrication process with satisfactory 
controllability by thermal hysteresis during the growth of the semiconductor layers. 

[0195] In the ninth example, the Al mole fraction of each of the impurity-doped region 850 of the first optical guide 
layer 804 and the impurity-doped region 860 of the second optical guide layer 806 is set to be at 0.2 or 0.3, which is 
higher than the Al mole fraction (x=0) of the quantum well layers 820 but lower than the Al mole fraction (x=0.5) of the 

10 quantum barrier layers 821. In other words, as shown in Figure 19, the forbidden band width of each of the impurity- 
doped regions 850 and 860 is larger than that of the quantum well layers 820 but smaller than that of the quantum 
barrier layers 821. On the other hand, the Al mole fraction (x=0.5) of each of the impurity-scarce regions 852 and 862 
in the first and second optical guide layers 804 and 806 is set to be higher than the Al mole fraction (x=0.2 or 0.3) of 
the impurity -doped regions 850 and 860 therein. In other words, as shown in Figure 19, the forbidden band width of 

is each of the impurity-scarce regions 852 and 862 is set to be larger than that of the impurity-doped regions 850 and 
860. In this manner, the Al mole fraction of each of the impurity-doped regions 850 and 860 is set to be still lower than 
in the eighth example by performing carrier confinement into the MOW active layer 805 with the impurity-scarce regions 
852 and 862. Accordingly, impurity diffusion from the impurity-doped regions 850 and 860 to the MQW active layer 
805 is further reduced compared to the eighth example, thereby more effectively preventing deterioration of the laser 

20 characteristics. 

[0196] In the ninth example, it is sufficient as long as the forbidden band width of the impurity -doped regions 850 
and 860 is set to be larger than that of the quantum well layers 820 but smaller than that of the quantum barrier layers 
821 . The forbidden band width of the intermediate impurity concentration regions 851 and 861 can be equal to that of 
the impurity-scarce regions 852 and 862 as shown in Figure 19 or equal to that of the impurity-doped regions 850 and 
25 860 as shown in Figure 20. Alternatively, the forbidden band width of the intermediate impurity concentration regions 
851 and 861 can be at an intermediate level between the forbidden band width of the impurity-scarce regions 852 and 
862 and that of the impurity-doped regions 850 and 860. 

[0197] The AIGalnP-type materials described in the eighth and ninth examples are more likely to allow impurities to 
diffuse than the AIGa As-type materials. Thus, it is particularly effective to apply the present invention to those materials 
30 since the invention can effectively reduce impurity diffusion from the impurity-doped regions to the MQW active layer. 

(Example 10) 

[0198] A tenth example according to the present invention relates to a light emitting diode. 
3S [01 99] Figure 21 is a cross-sectional view of a light emitting diode 900 in the tenth example according to the present 
invention. 

[0200] As shown in Figure 21, the light emitting diode 900 includes a sapphire substrate 901, a GaN buffer layer 
902, an n-type GaN first cladding layer 903, a non-doped single quantum well (hereinafter, referred to as "SQW") active 
layer 904, a p-type AI^Ga^lM second cladding layer 905, and a p-type GaN contact layer 906. On the sapphire 

40 substrate 901 , these layers are sequentially provided. The n-type first cladding layer 903, the non-doped SQW active 
layer 904, the second cladding layer 905, and the p-type contact layer 906 are formed into a mesa stripe 913 with the 
n-type first cladding layer 903 being partially exposed. An n-side electrode 920 is provided on the exposed surface of 
the n-type first cladding layer 903, and a p-side electrode 921 is provided on the contact layer 906. 
[0201] The light emitting diode 900 is fabricated by, for example, the following manner. 

45 [0202] On the sapphire substrate 901 , the following layers are grown by MOCVD: the GaN buffer layer 902 (thickness: 
about 0.05 urn), the n-type GaN first cladding layer 903 (thickness: about 3 urn; dopant: Si; carrier concentration: about 
5 X 10 17 crrr 3 ), the non-doped SQW active layer 904, the Alo^GaQ 8 N second cladding layer 905, and the p-type GaN 
contact layer 906 (thickness: about 0.2 urn; dopant: Mg; carrier concentration: about 5 x 10 17 cnrr 3 ). 
[0203] The SQW active layer 904 is formed by growing a single layer Ga^lno 8 P (thickness: about 0.003 urn). The 

so second cladding layer 905 is formed by sequentially growing a non-impurity-doped layer (thickness: about 0.03 urn) 
and an impurity-doped layer (thickness: about 0.07 ujn; dopant: Mg; carrier concentration: about 5 X 1 0 17 cm" 3 ) on 
the SQW active layer 904. 

[0204] The thermal hysteresis temperature (i.e., the crystal grown temperature) during the MOCVD growth process 
is set to be about 900°C to 1100°C. Due to such a crystal grown temperature, impurities in the second cladding layer 
55 905 diffuse from the impurity-doped layer to the non-impurity-doped layer. As a result, the second cladding layer 905 
is divided into an impurity-scarce region 910 (thickness: about 0.01 um), an intermediate impurity concentration region 
911 (thickness: about 0.04 urn), and an impurity-doped region 912 (thickness: about 0.05 urn), which are located in 
this order from the side of the SQW active layer 904. In this manner, the impurity-doped region 912, the intermediate 
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impurity concentration region 911 and the impurity-scarce region 910 are formed through a simple fabrication process 
with satisfactory controllability by thermal hysteresis during the growth of the semiconductor layers. 
[0205] Thereafter, a circular resist mask is formed on the contact layer 906 and the mesa stripe 913 is formed by 
dry etching. Then, the n-side electrode 920 is formed on the exposed surface of the n-type first cladding layer 903, 

s and the p-side electrode 921 is formed on the contact layer 906. 

[0206] In the light emitting diode 900, the impurity-scarce region 910 is provided between the impurity-doped region 
912 of the p-type second cladding layer 905. Since a p-type impurity has a larger diffusion coefficient than that of an 
n-type impurity, in this example, the operating voltage can be reduced and thus deterioration of the diode characteristics 
can be prevented by suppressing impurity (Mg) diffusion from the impurity-doped region 912 of the p-type second 

10 cladding layer 905 to the SQW active layer 904 at the impurity-scarce region 910. Since the diode characteristics can 
be optimized simply by controlling the thickness of the impurity-scarce region 910 of the p-type second cladding layer 
905, the light emitting diode 900 can be relatively easily designed. 

[0207] When a forward voltage was applied between the n-side electrode 920 and the p-side electrode 921 of the 
light emitting diode 900, a light emitting wavelength of 0.45 um, an operating current of 50 mA and an operating voltage 

»5 of 4.5 V were obtained. Moreover, since impurity diffusion from the activated second cladding layer 905 to the SQW 
active layer 904 is suppressed, deterioration of the diode characteristics is prevented. In the case of a light emitting 
diode containing impurities in the entire second cladding layer, the operating voltage is 4.5 V but the diode character- 
istics are deteriorated during the operation. As can be appreciated from the comparison, the light emitting diode 900 
in the tenth example prevents deterioration of the diode characteristics without increasing the operating voltage. 

20 [0208] Since the InGaN-type materials described in the tenth example has a higher growth temperature (i.e., 1 000°C 
± 100°C) compared to the growth temperature (600°C to 700°C) of the AIGaAs-type and AIGalnP-type materials, and 
thus has a higher degree of impurity diffusion. Thus, it is particularly effective to apply the present invention to those 
materials since the invention can effectively reduce impurity diffusion from the cladding layer to the active layer. 

2S (Example 11) 

[0209] In a light emitting diode in an eleventh example according to the present invention, a p-type cladding layer 
and an n-type cladding layer each include an impurity-scarce region adjacent to an active layer. 
[0210] Figure 22 is a cross-sectional view of a light emitting diode 1000 in the eleventh example according to the 
30 present invention. 

[0211] As shown in Figure 22, the light emitting diode 1000 includes a sapphire substrate 1001 , a GaN buffer layer 
1002, an n-type GaN first cladding layer 1003, a non-doped SQW active layer 1004, a p-type AI^Ga^lM second 
cladding layer 1 005, and a p-type GaN contact layer 1 006. On the sapphire substrate 1 001 , these layers are sequentially 
provided. The n-type first cladding layer 1003, the non-doped SQW active layer 1004, the second cladding layer 1005, 
35 and the p-type contact layer 1006 are formed into a mesa stripe 1013 with the n-type first cladding layer 1003 being 
partially exposed. An n-side electrode 1020 is provided on the exposed surface of the n-type first cladding layer 1003, 
and a p-side electrode 1021 is provided on the contact layer 1006. 
[0212] The light emitting diode 1000 is fabricated by, for example, the following manner. 

[021 3] On the sapphire substrate 1 001 , the following layers are grown by MOCVD: the GaN buffer layer 1 002 (thick- 
40 ness: about 0.05 urn), the n-type GaN first cladding layer 1003, the non-doped SQW active layer 1004, the AIq ^Ga^N 
second cladding layer 1005, and the p-type GaN contact layer 1006 (thickness: about 0.2 u/n; dopant: Mg; carrier 
concentration: about 5 X 10 17 cm -3 ). 

[021 4] The SQW active layer 1 004 is formed by growing a single layer Ga^lno 8 P (thickness: about 0.003 \im). The 
n-type first cladding layer 1003 is formed by sequentially growing a non-impurity-doped layer (thickness: 0.03 \im) and 
4S an impurity-doped layer (thickness: about 2.97 uxn; dopant: Si; carrier concentration: about 5 X 1 0 1 8 cm' 3 ) on the SQW 
active layer 1 004. The p-type second cladding layer 1 005 is formed by sequentially growing a non-impurity-doped layer 
(thickness: about 0.05 \im) and an impurity-doped layer (thickness: about 0.05 ujti; dopant: Mg; carrier concentration: 
about 5 X 10 17 cnrr 3 ) on the SQW active layer 1004. 

[0215] The thermal hysteresis temperature (i.e., the crystal grown temperature) during the MOCVD growth process 
so js set to be at about 900°C to 1100°C. Due to such a crystal grown temperature, impurities in the first cladding layer 
1003 diffuse from the impurity-doped layer to the non-impurity-doped layer. As a result, the first cladding layer 1003 is 
divided into an impurity-scarce region 1010 (thickness: about 0.01 um), an intermediate impurity concentration region 
1011 (thickness: about 0.02 usn), and an impurity-doped region 1012 (thickness: about 2.97 usn), which are located in 
this order from the side of the SQW active layer 1004. Impurities in the second cladding layer 1005 also diffuse from 
55 the impurity-doped layer to the non-impurity-doped layer. As a result, the second cladding layer 1005 is divided into 
an impurity-scarce region 1013 (thickness: about 0.02 um), an intermediate impurity concentration region 1014 (thick- 
ness: about 0.04 urn), and an impurity-doped region 1015 (thickness: about 0.04 u/n), which are located in this order 
from the side of the SQW active layer 1004. In this manner, the impurity-doped regions 1012 and 1015, the intermediate 
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impurity concentration region 1011 and 1014, and the impurity-scarce region 1010 and 1013 are formed through a 
simple fabrication process with satisfactory controllability by thermal hysteresis during the growth of the semiconductor 
layers. 

[0216] Thereafter, the n-type first cladding layer 1003 is partially exposed by etching. Then, the n-side electrode 
s 1020 is formed on the exposed surface of the n-type first cladding layer 1003, and the p-side electrode 1021 is formed 
on the contact layer 1006. 

[0217] In the light emitting diode 1000, the impurity-scarce region 1013 of the p-type second cladding layer 1005 is 
made thicker than the impurity -scarce region 1010 of the n-type first cladding layer 1003. Since a p-type impurity has 
a larger diffusion coefficient than that of an n-type impurity, the impurity-scarce regions 1010 and 1013 are allowed to 
10 have a desired th ickness. I n other words, since thicknesses of the impurity-scarce regions 1 01 0 and 1013 are adjustable 
in accordance with the diffusion coefficient, the enhanced freedom of design is obtained for reducing the operating 
voltage and preventing deterioration of the diode characteristics. 

[021 8] When a forward voltage was applied between the n-side electrode 1 020 and the p-side electrode 1 021 of the 
light emitting diode 1000, a light emitting wavelength of 0.45 urn, an operating current of 50 mA and an operating 

is voltage of 4.5 V were obtained. 

[021 9] The present invention is not limited to the above-described examples and is applicable to other semiconductor 
light-emitting devices which are different from the devices in the previous examples in terms of the structure of a 
quantum well active layer (for example, the number, the composition ratio or the thickness of the wells, etc.), thick- 
nesses, Al mole fractions, types of dopant, the carrier concentration and the like for the respective layers. 

20 [0220] Growth methods other than MOCVD or MBE, such as, for example, LPE, MOM BE (Metal Organic Molecular 
Beam Epitaxy), ALE are usable. 

[0221] In addition, in the previous examples, an intermediate impurity concentration region is formed by impurity 
diffusion from the impurity-doped layer to the non-impurity-doped layer. Alternatively, the intermediate impurity con- 
centration region can be formed by growing a separate semiconductor layer. The growth temperature of an intermediate 
25 impurity concentration region can be set at an appropriate temperature which is lower than that of the active layer by 
about 50°C to 200°C in order to control the impurity diffusion. 

[0222] The present invention is applicable to semiconductor devices containing materials other than the materials 
described above. 

[0223] Various other modifications will be apparent to and can be readily made by those skilled in the art without 
30 departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims appended 
hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Claims 

35 

1. A light-emitting device, comprising: 

a first guide layer; 

a second guide layer; and 

40 an active layer interposed between the first guide layer and the second guide layer, the active layer having a 

multiple quantum well structure including a plurality of quantum well layers and a quantum barrier layer inter- 
posed between the adjacent quantum well layers, 

wherein the first guide layer and the second guide layer are disposed to be adjacent to the quantum well layers, 
the first guide layer and the second guide layer have a forbidden band width which is larger than a forbidden 
45 band width of the quantum well layers, and 

the forbidden band width of at least one of the first guide layer and the second guide layer is smaller than a 
forbidden band width of the quantum barrier layer. 

2. A light-emitting device according to claim 1 , further comprising: 

50 

a first cladding layer having a first conductivity type and a second cladding layer having a second conductivity 
type, the first cladding layer and the second cladding layer interposing the first guide layer and the second 
guide layer; and 

a saturable absorption layer provided between the first cladding layer and the second cladding layer, the 
55 saturable absorption layer having a light emitting energy of a level substantially equal to an energy of a laser 

oscillation light of the active layer. 

3. A light-emitting device according to claim 1 , further comprising: 
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a first cladding layer having a first conductivity type and a second cladding layer having a second conductivity 
type, the first cladding layer and the second cladding layer interposing the first guide layer and the second 

attSrd'dadding layer having the second conductivity type and provided outside the second cladding layer, the 
third cladding layer being disposed on the opposite side to the first cladding layer with respect to the second 

as^b^abso^ion layer provided between the first cladding layer and the third cladding layer, the saturable 
absorption layer having a light emitting energy of a level substantially equal to an energy of a laser oscillation 
light of the active layer. 

light-emitting device according to claim 1 , further comprising: 

a first cladding layer having a first conductivity type and a second cladding layer having a second conductivity 
type, the first cladding layer and the second cladding layer interposing the first guide layer and the second 

7*Ud thirTcladding layer having the second conductivity type and provided outside the second cladding 
layer; the striped third cladding layer being disposed on the opposite skJe to the first cladding layer with respect 
to the second cladding layer, 

wherein a difference An between a relractive index n a of light confined in a first portion of the active layer which 
is covered by the striped third cladding layer and a refractive index n b of light confined in a second portion ot 
the active layer which is not covered by the striped third cladding layer fulfills expression (1 ): 

2 X 10' 3 < An £7 X 10' 3 0) 

5 A light-emitting device according to claim 1 , wherein the second cladding layer having the second conductivity 
' type is a p-type cbdding layer, the second guide layer is disposed on the same side as the p-type c adding tayer 

with respect to the active layer, and the forbidden band width of the second guide layer is smaller than the forbidden 
band width of the quantum barrier layer. 

6 A light-emitting device according to claim 1 . wherein the smaller one of the forbidden band width of the first guide 
' layer and that of the second guide layer is larger than a forbidden band width value corresponding to an energy 

of a laser oscillation light of the active layer. 

7. A light-emitting device according to cfcim 6. wherein Eg. Eb and EX fulfill expression ^^^J^^ 
one of the forbidden band width of the first guide layer and that of the second gurte layer, Eb is the forbidden band 
width of the quantum barrier layer, and EX is the forbidden band width value corresponding to the energy of the 
laser oscillation light energy of the active layer 

EX + 100meVSEgsEb-50meV (2)- 

8. A light-emitting device, comprising a layered structure including at least an active layer, 

wherein at least one selected layer in the layered structure includes an impurity-scarce region and an impurity- 
doped region, and the impurity-scarce region is disposed closer to the active layer than the impurity-doped 
region. 

9 A liqht-emitting device according to claim 8. wherein the layered structure includes a pair of cladding layers inter- 
posing the active layer, and the at least one selected layer is at least one of the pair of cladding layers. 

10 A light-emitting device according to claim 8. wherein the layered structure includes a pair of optical guide layers 
' interposing the active layer, and the at least one selected layer is at least one of the pair of optical gu.de layers. 

11 A light-emitting device according to claim 8, wherein the layered structure includes an optical guide layer disposed 
on either side of the active layer, and the at least one selected layer is the optical guide layer. 
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12. A light-emitting device according to claim 8, further comprising an intermediate impurity concentration region be- 
tween the impurity-scarce region and the impurity-doped region. 

1 3. A light-emitting device according to claim 8, wherein the active layer includes an quantum well layer. 

14 A light-emitting device according to claim 8, wherein the at least one selected layer is an optical guide layer and 
' the impurity-doped region contains a p-type impurity at a carrier concentration of 4 X 10" cm-* or more and 1 .2 
X 10 18 crrr 3 or less. 

10 15. A light-emitting device according to claim 8. wherein the at least one selected layer is an optical gu ^ ^ and 
the impurity-doped region contains an n-type impurity at a carrier concentrate of 2X10" cnrr 3 or more and 1 
X 10 18 cm -3 or less. 

16. A light^emitting device according to claim 8, wherein an impurity concentration of the impurity-scarce region is 1/5 
75 or less of an impurity concentration of the impurity-doped region. 

17. A light-emitting device according to claim 8, wherein the impurity-scarce region has a thickness of 3 nm or more 
and 10 nm or less. 

20 18. A light-emitting device according to claim 8, wherein the impurity-scarce region is provided in at least one of a p- 
type cladding layer and a p-type optical guide layer. 

19 A light-emitting device according to claim 8, wherein the layered structure includes a p-type cladding layer and an 
' n-type cladding layer interposing the active layer, the impurity-scarce region is provided in each of the p-type 

cladding layer and the n-type cladding layer, and the impurity-scarce region in the p-type claddmg layer is thicker 
than the impurity-scarce region in the n-type cladding layer. 

20 A liqht-emitting device according to claim 8, wherein the layered structure includes a p-type optical guide layer 
' and an n-type optical guide layer interposing the active layer, the impurity-scarce region is provided in each of the 

p-type optical guide layer and the n-type optical guide layer, and the impurity-scarce region in the p-type ophcal 
guide layer is thicker than the impurity-scarce region in the n-type optical guide layer. 

21. A light-emitting device according to claim 12, wherein the intermediate impurity concentration region has a thick- 
ness of 3 nm or more and 10 nm or less. 

35 

22. A light-emitting device according to claim 8, 

wherein the active layer has a multiple quantum well structure including a plurality of quantum well layers and 
a barrier layer interposed by the adjacent quantum well layers, and 

a forbidden band width of at least the impurity-doped region of the at least one selected layer is smaller than 
a forbidden band width of the barrier layer and larger than a forbidden band width of the quantum well layers. 

23. A light-emitting device according to claim 22, wherein the forbidden band width of the impurity-doped region is 
smaller than the forbidden band width of the impurity-scarce region. 

24 A light-emittingdeviceaccordingtoclaim 8, wherein the at least one selected layer is formed of a material selected 
' from the group consisting of AIGaAs type materials, AIGalnP type materials and InGaN type matenals. 

25 A method for fabricating a light-emitting device comprising a layered structure which includes at least an active 
' laver wherein at least one selected layer in the layered structure includes an impurity-scarce region, an impurity- 

doped region, and an intermediate impurity concentration region disposed between the impurrty^carce region and 
the impurity^oped region, the impurity-scarce region being disposed closer to the active layer than the impurrty- 
doped region, the method comprising the steps of: 

55 qrowing an impurity-doped layer and a non-impurity-doped layer, and 

diffusing an impurityfrom the impurity-doped layer to the non-impurity-doped layer by thermal hysteresis during 
ciystal growth, thereby forming the intermediate impurity concentration region. 
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26 A method for fabricating a light-emitting device according to claim 25, wherein the layered structure is formed so 
' as to include a p-type cladding layer and an n-type cladding layer interposing the active layer, the impurity-scarce 

region is provided in each of the p-type cladding layer and the n-type cladding layer, and the impurity-scarce reg.on 
in the p-type cladding layer is formed to be thicker than the impurity-scarce region in the n-type cladding layer. 

27 A method for fabricating a light-emitting device according to claim 25, wherein the layered structure is formed to 
include a p-type optical guide layer and an n-type optical guide layer interposing the active layer, the impurity- 
scarce region is provided in each of the p-type optical guide layer and the n-type optical guide layer, and the 
impurity-scarce region in the p-type optical guide layer is formed to be thicker than the impurity-scarce region in 
the n-type optical guide layer. 



25 



EP 0 908 988 A2 




26 



EP 0 908 988 A2 




27 



EP 0 908 988 A2 



FIG. 3 EA+100meV £ Eg £ Eb-50meV 
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FIG. 7 
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FIG. 8 
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FIG. 1 1 
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FIG. 12 
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FIG.13 
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FIG. 14 
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FIG. 15 
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FIG, 22 
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FIG. 24 
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